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Foreword 


Imagine a population the size of New York City’s travelling across our skies world- 
wide every day and you will quickly understand why medical emergencies aboard 
commercial aircraft are common. In fact, approximately four billion airline passen- 
gers travel every year. Fortunately, flying on commercial aircraft is generally safe 
and the risk of an in-flight medical emergency has been estimated at only one per 
600 flights. Yet, for the travelling public, it is a given that at some point we may be 
called to render assistance to a fellow passenger, an experience many healthcare 
personnel can easily attest to through their own experiences. 

I was a paramedic and a medical student when I first answered an in-flight call to 
assist a fellow passenger experiencing near syncope on a transoceanic flight. It would 
be years later working at a ground-based medical support center that handles tens of 
thousands of in-flight medical emergencies annually that I would recognize this as 
one of the most common in-flight medical emergencies. While our flight crew and I 
assisted that passenger to a positive outcome, the robust information contained in this 
book would have provided me a level of knowledge and comfort that I didn’t achieve 
until years later. Now, having handled thousands of such cases providing support for 
airlines across the globe from the ground, I highly value the collaboration of the 
flight crew and fellow passengers who render assistance to passengers in medical 
distress. Sometimes those individuals find themselves well inside their element, such 
as a cardiologist assisting a fellow passenger with chest pain. In other occasions, a 
doctor, nurse, or paramedic might raise their hand and find themselves assisting in 
circumstances they have not faced before, with questions they may not have previ- 
ously considered. Drs. Jose V. Nable and William J. Brady, along with their team of 
contributors, answer many of those questions so that the reader can be prepared to 
raise their hand and render assistance in such an emergency. 

Handling an in-flight medical emergency represents unique challenges. Cruising 
at 30,000—40,000 feet, an aircraft’s cabin pressure is equivalent to an altitude of 
6,000-8,000 feet. The lower air pressure of this environment, dry cabin air, and 
other physiological impacts of travel have the potential to impact a variety of medi- 
cal conditions. In addition, the confines of a commercial aircraft, practical but lim- 
ited content of emergency medical kits, and at times substantial distance to reach 
definitive medical care result in situations where knowledge and experience in han- 
dling these emergencies can be critical. In this book, Drs. Nable and Brady have 
synthesized key aspects of handling in-flight medical emergencies from both 
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clinical and operational perspectives. This reference provides valuable information 
for any clinician or other Good Samaritan who might be called to render aid to a 
fellow passenger, as well as to those, who through knowledge of flight physiology 
and the capabilities aboard commercial aircraft, might be able to prevent an in-flight 
medical emergency outright. 

Sealed from the elements and in tight quarters surrounded by loud engines, the 
ability to assess and render assistance on an aircraft is unique. In fact, with definitive 
hospital-based medical capabilities at times hours away, this is a potentially austere 
environment that benefits from a unique knowledge base and preparation. In this 
book, the authors review operational considerations of attending an in-flight emer- 
gency, along with legal implications, and the capabilities of on-board medical kits. 
In addition to exploring the unique characteristics of flight physiology, the most 
common in-flight medical emergencies are reviewed, along with a concrete approach 
to evaluate and assist in the care of a passenger with any of these conditions. A ben- 
efit to any airline and onboard medical volunteers is the assistance of ground-based 
medical support, whose role and capabilities to assist all aboard are similarly 
detailed. Finally, healthcare professionals are provided insights to evaluate the 
safety of passengers to fly and the means to prevent in-flight medical emergencies 
that could otherwise occur without such consideration and preparation. 

New to this edition, Drs. Nable and Brady have incorporated guidance that high- 
lights the ever-changing environment of commercial airline travel. The COVID-19 
pandemic and now a return to increasing travel has highlighted the importance of 
understanding emergent infectious diseases and what they mean for commercial 
airline travel domestically and abroad. Also new is additional information on man- 
aging disruptive passengers, which can cause great disruption to the safe operation 
of the aircraft. Finally, we gain a more detailed perspective of the history and back- 
ground surrounding in-flight medical events. 

I highly recommend using this book to guide you when travelling, whether 
aboard a commercial aircraft or in any other situations where access to medical care 
is limited. You are likely to come across someone, at some time, who will benefit 
from it. 


Department of Emergency Medicine Christian Martin-Gill 
University of Pittsburgh School of Medicine 
Pittsburgh, PA, USA 
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Setting the Scene 1 


William J. Brady and Jose V. Nable 


Introduction 


“One of our passengers is experiencing a medical emergency. Is there a doctor on- 
board? If so, please press your flight attendant call button.” For a healthcare pro- 
vider who travels on a commercial airliner, hearing this query may instill a bit of 
trepidation. Many questions may come to mind: 


e What is my role as a volunteering healthcare provider? 

e What resources are available to me? 

e What liability issues surround responding? 

¢ DoI need to worry about infectious risks to me personally? 
e Am I required to respond? 

e What types of emergencies might I expect to encounter? 


Medical professionals are not uncommonly called upon to use their skills in the 
non-clinical environment. Flying in an aircraft, however, may present unique chal- 
lenges. As one is flying in a cramped metal tube at an attitude of 35,000 feet, medi- 
cal care is truly a form of austere medicine. In this book, we will attempt to answer 
many of these previously posed questions. We hope that readers will be able to 
confidently handle medical issues that may arise during a flight. We also will 
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discuss how healthcare providers may potentially prevent or mitigate the develop- 
ment of acute medical events in their patients who are about to embark on a journey. 


History of Handling In-Flight Medical Events 


In 1930, Boeing Air Transport, predecessor to today’s United Airlines, flew the first 
commercial flight in the United States with a female flight attendant [1]. The pioneer- 
ing flight attendant, Ellen Church, was both a pilot and a nurse. Church had encour- 
aged the airline to hire nurses as flight attendants, with the hope that their nursing 
skills and rapport could provide a sense of security to passengers, who were some- 
what fearful of flight during the airline industry’s early days [2]. Church set a prec- 
edent; before World War II, nearly all American flight attendants were nurses [3-5]. 

In those early days of commercial airline travel, these on-board nurses also 
somewhat served a second function: their ability to assist with an unexpected in- 
flight medical event. Indeed, newspapers not uncommonly reported contemporane- 
ous reports of passengers experiencing medical emergencies during flight [6, 7]. 

By World War II, however, the general rule that flight attendants be nurses was 
dropped to divert their efforts to the war [8]. Thereafter, flight crews commonly 
asked for volunteer healthcare providers to assist with passengers experiencing a 
medical event [9]. Providers, however, were often volunteering without clear knowl- 
edge of their liability and minimal on-board medical resources [9]. 

Until the 1980s, on-board medical equipment typically only included bandages, 
aspirin, acetaminophen, and an antihistamine [10]. As such, the American Medical 
Association historically suggested that physicians who travel may carry an 
improvized medical kit that included diagnostic equipment (such as a blood pres- 
sure cuff) and a cache of injectable medications such as epinephrine, atropine, and 
diazepam [10]. The US Federal Aviation Administration (FAA) in 1986 finally man- 
dated that airlines carry an expanded cache of medical supplies, including injectable 
dextrose, epinephrine, nitroglycerin tablets, syringes, needles, and oropharyngeal 
airways [11]. Before this expansion of on-board emergency medical kits, many air- 
lines operated under the premise that an expedited landing was the best course of 
action for passengers experiencing an acute medical issue [12]. 

This somewhat-expanded medical kit was, however, still notably minimal. The 
increasing availability of automated external defibrillators (AEDs), in particular, 
suggested that the FAA’s mandated kit of 1986 could be further expanded [13]. In 
1998, the US Congress passed the Aviation Medical Assistance Act (AMAA). This 
act required the FAA to reevaluate the mandatory contents of onboard medical sup- 
plies [14]. In response to the AMAA, the FAA further expanded the kit in 2001 to 
contain the supplies listed in Table 1.1. In addition, US airlines were also required 
to carry AEDs [15]. 

The AMAA also provided responding providers with liability protection [14]. 
The act was meant to encourage traveling healthcare professionals to respond to 
inflight medical events by standardizing medical equipment aboard aircraft and 
shielding providers from potential legal liability. 
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Table 1.1 Contents of emergency medical kits required by the federal aviation administration to 
be present on all commercial airliners based in the United States [15] 


Contents Quantity 
Sphygmomanometer 1 
Stethoscope 1 
Airways, oropharyngeal (3 sizes): 1 pediatric, 1 small adult, 1 large adult or 3 
equivalent 

Self-inflating manual resuscitation device with 3 masks (1 pediatric, 1 small adult, 1 
large adult or equivalent) 

CPR mask (3 sizes), 1 pediatric, | small adult, | large adult, or equivalent 

IV Admin Set: Tubing w/ 2 Y connectors 

Alcohol sponges 

Adhesive tape, |-inch standard roll adhesive 

Tape scissors 

Tourniquet 

Saline solution, 500 cc 

Protective non-permeable gloves or equivalent 

Needles (2-18 gauge, 2-20 gauge, 2-22 gauge, or sizes necessary to administer 
required medications) 

Syringes (1-5 cc, 2-10 cc, or sizes necessary to administer required medications) 
Analgesic, non-narcotic, tablets, 325 mg 

Antihistamine tablets, 25 mg 

Antihistamine injectable, 50 mg, (single dose ampule or equivalent) 

Atropine, 0.5 mg, 5 cc (single dose ampule or equivalent) 

Aspirin tablets, 325 mg 

Bronchodilator, inhaled (metered dose inhaler or equivalent) 

Dextrose, 50%/S0 cc injectable, (single dose ampule or equivalent) 

Epinephrine 1:1000, 1 cc, injectable, (single dose ampule or equivalent) 
Epinephrine 1:10,000, 2 cc, injectable, (single dose ampule or equivalent) 
Lidocaine, 5 cc, 20 mg/mL, injectable (single dose ampule or equivalent) 
Nitroglycerine tablets, 0.4 mg 

Basic instructions for use of the drugs in the kit 


Ww 
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Epidemiology of In-Flight Medical Events 


As there is no mandatory centralized reporting system for in-flight medical events, 
it is difficult to estimate the frequency of these occurrences [16]. Before the FAA 
adopted its most recent final ruling on the contents of on-board emergency medical 
kits, some industry stakeholders suggested the adoption of a tracking system for all 
events be implemented [15]. The FAA did not adopt this suggestion, noting that the 
collection of comprehensive data could overburden airline carriers without any clear 
benefit. As long-term outcomes data of a treated passenger would be inaccessible to 
airlines and the government, the FAA contended that a reporting system would 
likely yield little information. While the adoption of a reporting system has also 
been suggested by researchers [16], the Aerospace Medical Association has noted 
that such a system would likely be costly and logistically challenging to imple- 
ment [17]. 

Some data on in-flight medical events, however, can be gleaned from the literature. 
Researchers, for example, queried the database of a ground-based medical consultation 
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service that provides flight crews with real-time guidance for handling on-board medi- 
cal events. In this study, the most common incidents included syncope (accounting for 
37.4% of consultations), respiratory issues (12.1%), nausea or vomiting (9.5%), car- 
diac issues (77%), seizures (5.8%), and abdominal pain (4.1%) [18]. The same study 
estimated that medical events reported to the consultation service occur in | out of 
every 604 flights [18]. It should be noted, however, that a reporting bias likely exists. 
Many in-flight medical events are potentially handled by flight crews and on-board 
healthcare providers without ever consulting resources on the ground. 

Deaths of passengers who have an in-flight medical emergency are exceedingly 
rare, with the Aerospace Medical Association estimating a mortality rate of 0.1 
deaths per million passengers, or approximately 0.3% of in-flight medical emergen- 
cies [19]. A true estimate, however, is difficult to ascertain, as the underlying studies 
behind this estimate were challenged to account for deaths that occurred after trans- 
fer of patients to definitive care [18, 20]. 


On-Board Medical Resources 


In the event of an in-flight medical emergency, responding healthcare providers can 
and should request that the flight crew make available the on-board emergency med- 
ical kit and AED (if appropriate). While the contents of the expanded medical kit 
were previously discussed in Table 1.1, other basic supplies are generally also avail- 
able, such as bandages and splints to care for minor trauma. 

The resources of the emergency medical kit are certainly not all-encompassing. 
For example, there are no drugs suitable for handling acute psychiatric issues, 
despite such events constituting an estimated 3.5% of in-flight medical emergencies 
[21]. There are also no pediatric-appropriate supplies [22]. Obstetric supplies are 
notably absent as well. 

Healthcare providers who respond to on-board events are indeed practicing aus- 
tere medicine. Providers may need to improvize or solicit supplies from other pas- 
sengers. For example, if a passenger is suspected of being hypoglycemic, a 
responding provider might find it suitable to request for a glucometer from other 
passengers, keeping in mind that true calibration and ensuring of cleanliness of such 
borrowed devices may be impossible. 

Because of the somewhat limited medical supplies aboard commercial aircraft, 
professional societies and other interested parties have petitioned the government to 
further expand the medical cache. The Aerospace Medical Association, for exam- 
ple, has endorsed a guidance document recommending that airlines carry anti- 
psychotics, anti-epileptics, diuretics, and steroids [17]. In 2015, a bill was introduced 
in the US Congress to mandate that airlines carry epinephrine auto-injectors [23]. 

The FAA has indicated, however, that the emergency medical kits are not meant 
to supply a flying medical clinic [15]. The federal government does not anticipate 
nor expect airlines to carry supplies for every single type of potential medical event. 
And while the mandated kit attempts to address the needs of several types of medi- 
cal emergencies, not every type of emergency can reasonably be covered. 


1 Setting the Scene 5 


Ground-Based Consultation Services 


Because healthcare providers are not necessarily available to assist on every flight, 
the vast majority of airlines contract with a ground-based medical consultation ser- 
vice [24]. These services are staffed by health professionals who provide guidance 
to flight crews on handling cases in real-time. For example, if a passenger develops 
chest pain, flight attendants can contact providers on the ground to determine an 
appropriate plan, such as potential diversion of the flight. 

Responding healthcare providers on-board the aircraft can likewise discuss acute 
medical events with these ground-based consultation services. If an on-board pro- 
vider is uncertain how to best handle a situation, that provider can consider confer- 
ring with the airline’s contracted ground-based consultation service [25]. 


Challenges of In-Flight Medical Care 


It is important for responding clinicians to understand the challenges associated 
with providing care in a commercial airline environment. Modern airlines provide 
passengers with increasingly cramped cabins. This leaves little room for a health- 
care provider to adequately assess a passenger with an acute medical event. Unless 
the passenger is in a first or business class, it may be impossible to recline the pas- 
senger without moving the patient to the floor, which may be necessary when treat- 
ing a patient with shock physiology. Additionally, the confined condition of a 
modern airliner means that patient privacy cannot truly be ensured. Responding 
providers should make a concerted effort to respect a patient’s privacy, such as using 
galleys are other areas of the aircraft not in the immediate vicinity of other passen- 
gers to perform potentially uncomfortable histories and physical exams. 

In addition to cramped cabins, passengers are often already stressed by a pro- 
longed check-in process and increasingly onerous security measures at the airport 
[26]. These stressful conditions can exacerbate underlying psychiatric issues or lead 
to “air rage” [27]. If a responding physician assesses the need for flight diversion, 
that provider should be prepared to be challenged by other passengers who under- 
standably may be dismayed by the change in flight plans. 

Another challenge of in-flight medical care is the previously mentioned lack of 
comprehensive medical supplies. Responding providers must be prepared to 
improvize to manage situations that are often easily handled in a clinical environ- 
ment. As an example, a physician documented a case report of using a urinary cath- 
eter to perform a thoracostomy for patient experiencing a pneumothorax on a 
trans-continental flight [28]. The austere environment may challenge healthcare 
providers who are accustomed to working with easy access to medical supplies. 

When flying on an international airline, the on-board medical kits will likely not 
conform to the standards to which US-based airlines must adhere. Drug names may 
be different. Acetaminophen, for instance, may be labeled as paracetamol. Liability 
issues are also potentially complicated when treating citizens of other countries on 
an airline not registered in the United States [24]. Also, unlike in the United States, 
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several countries in Europe mandate that physicians respond to an acute on-board 
medical event [29]. 

Responding healthcare providers should also be mindful that they do not have 
supervisory authority over the flight crew when handling medical emergencies. 
According to the Montreal Convention and FAA regulations, the flight crew is 
ultimately responsible for activities aboard the aircraft [24, 30]. The crew may 
disagree with recommendations by on-board providers, choosing to accept con- 
flicting advice from the airline’s contracted ground-based consultation service. 
The crew also has discretion when allowing access to the emergency medical kit. 
The FAA does note that it would be “preferable” for airline personnel to check the 
credentials of volunteer responders who identify themselves as healthcare provid- 
ers [30]. 


Diversion 


Some passengers may experience an acute medical event in which flight diversion 
may be appropriate. Diversion potentially gives such passengers timelier access to 
critical definitive care. It is no surprise, then, that the most common medical com- 
plaints associated with diversion are related to cardiac, respiratory, and neurologic 
emergencies [18]. Issues involving these organ systems may have time-dependent 
treatments. For example, a passenger with sudden-onset hemiplegia may be experi- 
encing a stroke, in which case timely administration of thrombolytics may improve 
that patient’s neurologic outcome [31]. Or a passenger with chest pain and diapho- 
resis may be experiencing an ST-segment elevation myocardial infarction, wherein 
rapid access to a cardiac catheterization lab is essential [32]. 

Unfortunately, it is not possible to diagnose many of these time-sensitive condi- 
tions in the setting of the airline cabin environment. Responding on-board health- 
care providers must therefore use clinical judgment, incorporating history, risk 
factors, and physical exam to assess passengers experiencing high-risk complaints. 
If a clinician has a high index of suspicion for a condition in which rapid access to 
formal ground-based medical care is necessary, diversion of the aircraft may be 
appropriate. 

Diverting an aircraft from its intended destination has significant conse- 
quences. In addition to being expensive (with one source estimating costs up to 
$500,000 to divert a large, fully loaded aircraft [33]), diversion may force the 
airline to re-route the other passengers. Some aircraft may also need to dump 
excess fuel prior to an expedited landing [34]. Irrespective of these potential 
secondary effects, it is the professional responsibility of a clinician who assesses 
the need for quicker access to ground-based medical care to communicate that 
assessment with the flight crew. 

Because of the complicated decision-making surrounding diversion, many air- 
lines will discuss a recommendation for an expedited landing with their contracted 
ground-based consultation service. The final decision for diversion ultimately rests 
with the captain of the aircraft [16]. 
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Our Flightpath 


This book will provide the reader with an understanding of various topics surround- 
ing in-flight medical emergencies. The pathophysiology of flight is first discussed. 
Although thousands of flights occur daily in the United States, flight is not necessar- 
ily benign, particularly for those with preexisting medical conditions. The medico- 
legal issues that can occur when volunteering medical assistance will also be 
examined. 

Several chapters are devoted to the various types of acute medical events that 
may occur during a flight. Recognizing when medical issues are potentially lethal, 
and in need of more rapid access to definitive medical care, are therein emphasized. 
For such conditions, the reader will be familiarized with temporizing treatments that 
may be available on-board aircraft. 

Finally, the book discusses treatments that may be available prior to flight to 
mitigate potential in-flight medical events. Additionally, the topic of medical clear- 
ance of passengers is presented. 
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Commercial Air Transport: The History 2 
of Inflight Medical Emergencies 


Daniel A. Griffith, Stephen Garbin, and William J. Brady 


On December 17, 1903, in the Outer Banks region of northeastern North Carolina, 
Orville and Wilbur Wright made aviation history by successfully completing the 
first, albeit rather short, air flight. After 4 years of research and construction, the 
Wright brothers launched the first aircraft with this flight traveling 120 feet over 
12 s with Wilbur piloting the Kitty Hawk Flyer; additional flights that day were 
considerably longer, reaching approximately 850 feet for almost 60 s [1]. Eleven 
years later, on January 1, 1914, the world’s first commercial air flight occurred with 
service from Tampa to St Petersburg, Florida; this flight was quite modest with only 
a single passenger in a two-person aircraft, traveling 17 miles in 23 min across 
Tampa Bay in a flying boat, an amphibious aircraft capable of taking off and landing 
on water [2]. Unfortunately, due to a range of challenges, this early airline only 
remained in business for 4 months. Though this first flight was quite modest and the 
overall effort short-lived, it opened the door to today’s transcontinental and trans- 
oceanic flights, carrying hundreds of passengers in comfortable and, at times, con- 
siderable luxury ... and the occurrence of inflight medical emergencies. 

As aviation science and technology improved, commercial air travel began to 
grow—in terms of the size of the aircraft, number of onboard passengers, the length 
of the flight, and the distances safely traveled. Not long after the historic, transatlan- 
tic flight of Charles Lindbergh from New York to Paris on May 20-21, 1927, more 
substantial commercial efforts were launched [3]. On July 1 of this same year, 
William Boeing announced the first commercial flight of Boeing Air Transport from 
San Francisco to Chicago, carrying a full capacity of one passenger in the then state- 
of-the-art aircraft, the Boeing Model 40A; this flight required multiple stops for 
refueling and pilot rest, requiring almost 24 h to complete its journey [4]. In the 
1930s, commercial air travel as we know it today was launched [5]. Aircraft size and 
related passenger compartment space significantly expanded, increasing the ease 
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and popularity of air travel for multiple people in one plane with capacities approach- 
ing 15-20 people; in addition, the aircraft speed and range also increased, allowing 
for greater distances and longer flight durations [3-5]. These early aircraft had little 
to no heating, no air conditioning, and minimal ventilation; in addition, they were 
unable to reach higher elevations, thus subjecting passengers to significant air tur- 
bulence and resultant air sickness. These early commercial aircraft were not particu- 
larly comfortable for many reasons. 

The early cabin attendants were male and were referred to with a range of titles 
and job descriptions, including aerial couriers, cabin boys, flight companions, air- 
plane attendants, and air stewards; the first traditional flight attendant, a male, was 
hired in 1926 by Stout Airlines, later to become a component of the United Air 
Lines [6]. These personnel were mainly present to calm passengers during turbulent 
flights and otherwise assist them. The first female flight attendant was hired in 1930 
by Boeing Air Transport; in addition to change in gender, many of these early female 
flight attendants were nurses [7-10]. Boeing Air Transport’s logic regarding the 
flight attendant with nursing background was sound—nurses were accustomed to 
caring for people and, in the event of an inflight medical emergency, could also 
attend to these issues as well [10]. Many airlines followed this example of selecting 
nurses as flight attendants while other companies continued to use male personnel 
while emphasizing extensive first aid training. Thus, whether a first aid-trained 
steward or a nurse-flight attendant, early aircraft crew were able to manage inflight 
medical emergencies with basic medical care, appropriate for that period of aviation 
history. 

With the start of World War II and the demand of able-bodied personnel, the 
nature of the flight attendant changed. Most notably, nurses were no longer avail- 
able to serve on commercial aircraft as flight attendants [11, 12]. Many airlines 
encouraged the use of the “volunteer” medical provider, the physician, or other 
healthcare provider who happened to be a passenger on the aircraft at the time of the 
medical emergency [13]. The now-common announcement of “is there a doctor on 
board” was a direct result of this strategy [14, 15]. In fact, in the years following this 
change in strategy, the American Medical Association encouraged its physician 
members to travel with appropriate equipment and supplies to manage unplanned 
medical emergencies during commercial air travel. In addition, airlines also adopted 
aircraft diversion with “emergent landing” as another means of managing inflight 
medical emergencies [16]. Of course, these strategies were not reliable, consistent, 
nor overly impactful in many instances. 

From the 1950s and 1970s, as commercial air travel continued to expand in terms 
of both passenger number and flight characteristics (longer flight times and greater 
flight distances), the number of inflight medical emergencies also increased. This 
increase in medical need onboard commercial airliners was occurring while emer- 
gency medical care was expanding its scope and potential impact on an ill or injured 
aircraft passenger [16]. Thus, not only was the medical need increasing but also the 
potential ability to intervene expanding and improving. Numerous instances of 
patients experiencing an unanticipated event, with no onboard support, were noted 
by airlines, the FAA, and the lay press. Furthermore, the American Medical 
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Association noted this unmet need with the recommendation to its members to 
travel with appropriate medical tools, supplies, and medications for use in the man- 
agement of an inflight medical emergency [17]. 

The federal government, including both the Federal Aviation Association (FAA) 
and the US Congress, took meaningful action, initially in 1986 and subsequently in 
1998. In 1986, the Federal Aviation Association (FAA) announced the “Emergency 
Medical Equipment Requirements Rule,’ which mandated that commercial passen- 
ger aircraft must carry emergency medical kits [18]. Little specific direction was 
provided by this rule such that kits, if present, were described as notably deficient in 
content; furthermore, significant inconsistency was noted among airlines and even 
from one aircraft to the next within a single airline. These early kits contained medi- 
cines such as injectable diphenhydramine, epinephrine, and dextrose as well as 
nitroglycerin tablets [16]. A 1997 FAA advisory from the Office of Aerospace 
Medicine Technical Reports recommended the addition of oxygen, several “sup- 
portive care” items, monitoring equipment, inhaled bronchodilators, and oral medi- 
cations (i.e., analgesics and antihistamines) [17]. 

One year later, on April 24, 1998, Congress enacted the Aviation Medical 
Assistance Act (AMAA), which directed the FAA to significantly enhance the abil- 
ity to care for commercial airline passengers with inflight medical emergencies 
[19]. As a result of the AMAA of 1998, the FAA was required to review existing 
standards related to the ability to respond to inflight medical emergencies on com- 
mercial passenger aircraft. Specifically, the FAA was ordered to determine if exist- 
ing flight crew (i.e., the flight attendants) training requirements and the onboard 
emergency medical equipment for use by volunteer healthcare providers was ade- 
quate; in addition, the question of requiring onboard automated external defibrilla- 
tors (AEDs) on such aircraft was also raised [20]. Lastly, the AMAA provided 
liability protection for traveling passengers on these flights acting as good Samaritans 
in good faith in the management of inflight medical emergencies. 

As a consequence of the 1998 AMAA, a consistent set of medical supplies and 
medications is now found on all commercial airlines in the United States. In addi- 
tion, in 2003, the FAA required all such commercial aircraft to carry an AED. Most 
recently in 2015, flight crew training in the recognition and management of anaphy- 
laxis as well as the presence of appropriate epinephrine auto-injectors was added to 
the list of onboard medical abilities and capabilities [20]. And, with an increasing 
litigious US society, the liability protection provided by the AMAA has anecdotally 
increased the response rate of volunteer physicians and other healthcare providers 
in the management of fellow passengers with inflight medical emergencies [19]. 

The past 30 years has shown an increased awareness of inflight medical emer- 
gencies on commercial aircraft; this increased awareness has prompted increased 
airline and physician scrutiny of such events, resulting in a better understanding of 
the issues. Few improvements in the management of such emergencies, however, 
have been made since the AMAA in 1998 and the ultimate introduction of AEDs to 
all such aircraft [20]. This increased awareness has also prompted requests for an 
enhanced cache of medical supplies, medications, etc. on all such commercial air- 
craft. The FAA has largely denied these requests, noting that a commercial aircraft 
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is simply that, a commercial aircraft, without the expectation of definitive medical 
care onboard. This approach is largely appropriate [16]. 
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Pathophysiology of Flight 3 


Geoffrey A. Ramin 


Introduction 


Humans were never meant to fly, but the evolution of the aviation industry has 
meant that we can now easily overcome this limitation and by utilizing aircraft be 
rapidly placed into a high-altitude environment. However, even within the protec- 
tive shell of modern aircraft we will be exposed to a number of physiological 
changes. The human body has a remarkable capacity to compensate for these 
changes, but their impact becomes increasingly significant when transporting sick 
or injured patients by air. 

The first step in understanding the implications of flight is to review the physics 
of the atmosphere and the behavior of gases. 


The Atmosphere 


The atmosphere is made up of a mixture of gases the bulk of which is comprised of 
nitrogen (78%) and oxygen (21%). The remaining 1% is made up of predominantly 
inert gases and a trace of carbon dioxide. Convective mixing of gases ensures that 
this percentage composition remains the same to over 10 km above sea level (ASL). 
This means that within this range of altitude the fraction of inspired oxygen (FiO) 
will always be 21% or 0.21. This atmosphere also exerts weight as a result of the 
gravitational pull of the Earth. Whilst this can vary slightly with atmospheric condi- 
tions, standard atmospheric pressure at sea level is assumed to be 760 mmHg or 
14.7psi. Atmospheric pressure decreases with altitude, so whilst the FiO, remains 
constant with increasing altitude the partial pressure exerted by oxygen in the atmo- 
sphere decreases. 
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Table 3.1 Physiological zones of the atmosphere 


Altitude Atmospheric 
Zone ASL (ft) Pressure (mmHg) Features 
Physiological 0-10,000 760-523 Ability for humans to compensate and 
maintain physiological efficiency 
Deficient 10,000- 523-87 Progressive hypoxia leading to failure of 
50,000 physiological compensation 
Space >50,000 87-0 Environment hostile to humans and 
equivalent unable to maintain life 


Whilst the atmosphere has physically distinct zones all aeromedical operations 
would occur well within, or below, the troposphere, which extends to as low as 
23,000 ft ASL at the poles and up to 65,000 ft ASL at the equator [1]. Of greater 
relevance medically, the atmosphere can also be divided into three physiological 
zones according to the effect of each on the body’s physiological responses as 
shown in Table 3.1 [2, 3]. Aeromedical operations would generally occur well 
within the physiological zone where a fit and healthy individual maintains the abil- 
ity to compensate and ensure physiological efficiency with only minimal impair- 
ment seen in arterial oxygen transport. Here also the changes in pressure on ascent 
and descent would only potentially cause minor discomfort in gas containing 
regions such as the middle ear and sinuses. However, neither is necessarily the case 
for sick or injured patients where increasing altitude can lead to increased physio- 
logical compromise. 


The Gas Laws 


The molecules of any gas are in constant random motion and the pressure exerted 
by a gas or mixture of gases depends on the number of molecules, their velocity, and 
mass. As we ascend to higher altitude, the weight of the atmosphere above us 
decreases, and there is an associated decrease in atmospheric pressure. As air is 
compressible, the pressure decreases more rapidly the higher we ascend. There are 
three principal Gas Laws that need to be reviewed in order to understand the impli- 
cations of altitude on the human body in regard to the transport of sick or injured 
patients [3, 4]. These are: 


e Dalton’s Law 
¢ Boyle’s Law 
e Henry’s Law 


Dalton’s Law 


Also known as the law of partial pressures this states that in any mixture of gases 
each individual gas will exert a pressure that is proportional to its concentration 
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within that mixture and that the total pressure exerted by the mixture is the sum of 
each of these respective partial pressures. This can be expressed as: 


Pt = PU P28 ccceeadeaes Pn 


Pt = Total pressure 

P1 to Pn = Partial pressure of each gas within the mixture 

n= Total number of gases in the mixture 

As you will recall, the standard pressure of the atmosphere at sea level is 
760 mmHg, also referred to as 1 atmosphere. Oxygen comprises 21% of the atmo- 
spheric gas mixture. This percentage is referred to as the FiO, and as per Dalton’s 
Law the partial pressure of inspired oxygen (PiO,) would therefore be 21% of 
760 mmHg which equates to 160 mmHg. As altitude increases and atmospheric 
pressure falls so does the PiO,. At 10,000 ft ASL, atmospheric pressure is only 
523 mmHg resulting in a PiO, of 21% of 523 mmHg which equates to 110 mmHg. 
So whilst as previously stated the FiO, remains constant with increasing altitude the 
PiO, decreases significantly. As will be discussed later, the most practical signifi- 
cance of Dalton’s Law is in considering the risks and effects of hypoxia during the 
aeromedical transport of a patient. 


Boyle’s Law 


This states that at a constant temperature the volume of a gas will vary inversely 
with pressure. Therefore, as atmospheric pressure decreases there is an increase in 
gas volume. This can be expressed as: 


Plx V1=P2x V2 


P1 = Initial pressure V1 = Initial volume 

P2 = New pressure V2 = New volume 

Utilizing Boyle’s Law, we can calculate that the volume of a gas in an enclosed 
space at sea level would expand to ~1.5 times its original volume at 10,000 ft 
ASL. Table 3.2 shows the typical gas expansion ratios at varying altitudes. As will 
be discussed later, the most practical significance of Boyle’s Law is in considering 
the risks and effects of gas expansion, either within body cavities or gas containing 
medical equipment, during the aeromedical transport of a patient. 


Table 3.2 Gas expansion Altitude ASL (ft) Gas expansion ratio 
ratios at varying altitude Gala 1.0 

5000 2 

8000 iL.3} 

10,000 1.5 

30,000 4.0 


40,000 WL 
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Henry’s Law 


This states that at a constant temperature the volume of a gas dissolved in a solution 
is directly proportional to the partial pressure of the gas above that solution. This 
can be best illustrated by opening a bottle of carbonated drink. As the lid is removed 
the partial pressure of gas above the liquid drops sharply allowing for dissolved 
carbon dioxide to emerge from the liquid in the form of bubbles. As will be dis- 
cussed later, the most practical significance of Henry’s Law is in considering the 
aeromedical transport of a patient at risk of decompression sickness with the drop 
in atmospheric pressure on ascent potentially leading to dissolved nitrogen rapidly 
emerging out of solution from the blood. 


Pathophysiological Consequences of Flight 


When we place a patient into an aircraft, whether that be in a fixed or rotary wing 
environment, we need to always consider the potential effects and clinical conse- 
quences of: 


e Altitude 

e Temperature 

e Altered humidity 

¢ Acceleration and deceleration 
¢ Noise 

e Vibration 

e Fatigue and stress 


It is important to note that these physiological stressors can have an impact on 
the aeromedical team as well as the patient. 


Effects of Altitude 


The most significant effect is exposure to hypoxia. Hypoxia is defined as a decrease 
in oxygen availability at the tissue level. Dalton’s Law tells us that the PiO, decreases 
with increasing altitude resulting in altitude-induced hypoxia. This is a form of 
hypoxic hypoxia [5]. You will recall that at sea level the PiO, is 160 mmHg. 
However, inspired air becomes fully saturated with water vapor as it passes through 
the upper airways. This process of humidification is very efficient such that the satu- 
rated water vapor pressure (SWVP) of inspired air is a function of temperature only 
and not altitude. As temperature in the airways is fairly constant SWVP is also 
constant across all altitudes at which humans can survive. This equates to 47 mmHg 
at 37 °C and, therefore, results in an effective PiO, at sea level of 0.21 
(760 — 47) = 150 mmHg. As it remains constant, the proportional effect of SVWP 
increases with altitude. For example, at 10,000 ft it would result in an effective PiO, 
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of 0.21 (523 — 47) = 100 mmHg. This along with the elimination of carbon dioxide 
by the lungs results in the overall drop in partial pressure of oxygen that occurs from 
the atmosphere to the alveolus. A further small drop in partial pressure occurs as 
oxygen is transferred from the alveolus into the arterial circulation. Table 3.3 shows 
the relationship between altitude and the partial pressure of inspired and arterial 
oxygen [6]. 

The hypoxic hypoxia of altitude generally only becomes clinically relevant at 
altitudes of ~10,000 ft in fit and healthy individuals. However, when transporting 
sick or injured patients, susceptibility to the effects of altitude-related hypoxia can 
occur at much lower heights. Why is 10,000 ft such a “magic” number? To under- 
stand this, we need to review the oxygen-hemoglobin dissociation curve. This curve 
describes the relationship between the partial pressure of arterial oxygen (PaO,) and 
the percentage saturation of hemoglobin with oxygen (SaO,) [7]. The sigmoid shape 
of the curve as seen in Fig. 3.1 provides a degree of protection from hypoxia with a 
significant fall in oxygen saturation not occurring until the PaO, falls below 
~60 mmHg. Table 3.3 shows us that this level of PaO, corresponds with an altitude 
of ~10,000 ft. This fact explains why most commercial aircraft are able to transport 
passengers without a resultant physiological compromise whilst pressurized to a 
cabin altitude of typically between 6500 and 7000 ft. At these altitudes, SaO.s are 
well maintained above 90%. Note that commercial airlines have a maximum certi- 
fication cabin altitude of 8000 ft at the maximum operating altitude of the aircraft 
which would still allow for adequate oxygen saturation in the healthy individual [8]. 

A question to consider is why commercial airlines do not pressurize their cabins 
all the way to sea level. The answer relates to engineering considerations rather than 
medical ones. An aircraft frame is designed to withstand a specific amount of pres- 
sure differential between the inside and the outside of the aircraft. At 38,000 ft 
cruise with a cabin altitude of 8000 ft, the typical pressure differential will be ~9 psi. 
If a sea-level cabin pressure was maintained all the way to cruising altitude, then the 


Table 3.3 Partial pressure of inspired and arterial oxygen with altitude 


PiO,* (mmHg) 
Altitude ASL Atmospheric pressure Including effects of PaO,> SaO,° 
(ft) (mmHg) SVWP (mmHG) (%) 
Sea level 760 150 103 97-100 
1000 133) 144 98 
2000 706 138 94 
3000 681 133 90 
4000 656 128 85 
5000 632 123 81 ~94 
6000 609 118 Wl 
7000 586 113 13 
8000 565 109 69 ~93 
9000 542 104 65 
10,000 523 100 61 ~90 


*PiO, = partial pressure of inspired oxygen 
*PaO, = partial pressure of arterial oxygen 
°SaO, = percentage saturation of hemoglobin with oxygen 
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Fig 3.1 Altitude and the 
oxygen—hemoglobin 
dissociation curve 


with oxygen (%) 


Percentage saturation of haemoglobin 


PaO? equivalent 
to 10 000 feet ASL 


’ 
50 70 90 


Partial pressure of arterial oxygen (mmHg) 


differential pressure would increase as the outside atmospheric pressure fell. This 
would place ever greater stresses on the structural integrity of the aircraft, which to 
overcome would require structural redesign and reinforcement leading to increased 
overall weight, increased fuel consumption and operating costs. For commercial 
airlines, this is not economically viable especially as research has suggested that 
reducing cabin altitude to below 6000 ft does not offer any meaningful improve- 
ment to passenger comfort [9]. 

Medically, however, there will be clinical scenarios that demand a lower cabin 
altitude even as far down as sea level. Many dedicated aeromedical aircraft have the 
capacity to provide this level of pressurization with a wide range of capabilities 
existing between different aircraft. It is important, however, to recognize that 
increasing cabin pressure still has significant aviation implications and that this 
must, in each case, be weighed up against medical need. Some of these consider- 
ations include: 


e Requirement to operate at a lower cruise altitude 
e Limited capacity to fly over bad weather 

e Flying at altitudes where turbulence is greater 

e Slower air speed 
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Rotary wing aircraft, on the other hand, do not have pressurized cabins and 
patient’s will essentially be exposed to the surrounding altitude at which the aircraft 
is operating. The only way to increase cabin pressure is to fly the aircraft at a lower 
altitude assuming it is safe to do so. 

The next most significant effect is gas expansion. Boyle’s Law tells us that the 
volume of a gas will increase on ascent and decrease on descent [2-5]. Table 3.2 
shows us the typical gas expansion ratios at varying altitudes. For example, the vol- 
ume of gas in an enclosed space at sea level would expand to ~1.2 times its volume 
at 5000 ft. The human body contains a large amount of gas in cavities that are either 
fully or partially closed, such as the middle ear, sinuses, lungs, and bowel. Gas 
expansion in these regions, or in clinical disease states where there is increased 
accumulation of contained gas, can lead to potentially significant complications. 
Examples of such conditions include: 


e Pneumothorax 
e Pneumomediastinum 
¢ Pneumocephalus 
e Penetrating eye injury 
¢ Bowel obstruction 
e Gas gangrene 
e Sinus or middle ear disease 
e Acute decompression sickness 
¢ Postoperative states: 
— Laparotomy/laparoscopy 
— Thoracotomy 
— Craniotomy 
— Retinal surgery 


The paranasal sinuses offer a good illustration of these effects. The sinuses are 
air filled spaces which have fairly rigid walls communicating with the outside world 
through small orifices known as ostia which open into the nasal cavity. During 
ascent the air in the sinus will expand but venting through the ostia will allow the 
pressure in the sinus to equalize with the cabin pressure. However, conditions such 
as sinusitis can lead to tissue edema which can obstruct the ostia and prevent this 
equalization from occurring. Now as the air in the sinus expands on ascent, it will 
lead to increased pressure on the walls of the sinus resulting in pain. 

A pneumothorax is a much-feared condition when flying. Boyle’s Law predicts 
that a pneumothorax will expand with increasing altitude which could lead to ten- 
sion. Whilst gas expansion clearly does occur, there is a degree of controversy in 
regard to its clinical significance. Whilst the majority of clinicians would not fly, a 
patient with a pneumothorax without first inserting a drain, the true clinical risk of 
altitude alone on a pneumothorax is unknown. A mathematical model of altitude 
limitations due to gas expansion has suggested that a sea level pneumothorax up to 
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45% in size may in fact be tolerable up to 8000 ft ASL [10]. Another study placed 
patients with residual traumatic pneumothorax following the removal of a chest 
drain into a hypobaric chamber simulating an altitude of >9000 ft ASL. This found 
that pneumothorax size increased on average by 5.6 mm from the “pre-flight” chest 
X-ray, that no patients developed any cardiorespiratory symptoms, and all had 
returned to baseline size 4 h “post-flight” [11]. However, a lot of variables influence 
the management of pneumothorax at any altitude and the body of research in rela- 
tion to the risks of gas expansion remains very small. Note that most commercial 
airlines will not allow a patient with a pneumothorax to fly until at least 7 days post 
confirmation of full expansion [12]. 

Gas expansion in one region can also impact on other organ systems. For exam- 
ple, infants and small children rely on the diaphragm as their principal muscle of 
respiration. The stomach is full of air and expansion at altitude can lead to gastric 
dilatation, which can result in diaphragmatic splinting with a dramatic decrease in 
lung compliance and a drop in functional residual capacity causing hypoxia, and 
ultimately respiratory failure. The simple procedure of inserting a nasogastric tube 
may allow for venting of this air and help to minimize the consequences of this 
problem [13]. 

It should also be noted that the contraction of a gas on descent can be as equally 
problematic as expansion on ascent. The middle ear offers a good illustration. This 
is another air-filled space that communicates with the outside world through the 
Eustachian tube. A patent Eustachian tube allows for equalization to occur between 
the middle ear and the atmosphere. Conditions such as an upper respiratory tract 
infection can lead to edema and obstruction of the tube preventing equalization. On 
descent atmospheric pressure increases in the outer ear, but the gas within the mid- 
dle ear is trapped resulting in contraction and a decrease in pressure. The widening 
pressure differential across the tympanic membrane leads to pain and potentially 
can cause the drum to rupture from the outside inwards. The converse can happen 
on ascent with trapped air within the middle ear expanding and the increased pres- 
sure resulting in a rupture of the tympanic membrane from the inside outwards. 
Notably, rupture of a tympanic membrane in such circumstances usually results in 
sudden and dramatic relief of pain as it allows for immediate equalization [14]. 

The above are all examples of gas volume changes occurring inside the body. It 
should also be noted that hypobaric pressure changes in the air surrounding the 
body can have a potential impact on tissue pressures. Consider a patient with an 
extremity fracture. A decrease in the surrounding atmospheric pressure will result in 
a relative increase in capillary hydrostatic pressure and potentially increase fluid 
accumulation into the extravascular compartments with worsening edema. This can 
be of particular significance in the lower limbs where prolonged immobility in the 
seated position appears to significantly increase lower leg volume regardless of the 
presence of injury [15]. The application of a plaster cast where small air bubbles 
trapped in the plaster can expand further compounds the problem leading to 
increased external compression. Whilst there is not much direct evidence in regard 
to the risk of compartmentalization in such circumstances, most clinicians will 
advise splitting a plaster prior to flying, at least in the first 48 h post injury. 
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It is now worth considering scuba diving in the context of the combined effects 
of both Boyle’s and Henry’s Law. During a dive, the pressure of the surrounding 
water increases by | atmosphere for every 33 ft of descent. This results in increasing 
amounts of nitrogen dissolving in the blood and accumulating in the lipid compo- 
nent of tissues. During ascent, as the surrounding pressure decreases, nitrogen is 
released from the tissues back into the blood and from there to the alveoli where it 
returns to its gaseous form and can participate in respiration. Too rapid an ascent, as 
predicted by Henry’s Law, will allow dissolved nitrogen to come out of solution and 
return to its gaseous form whilst still in the tissues or blood. This allows for the 
formation of gas bubbles which form the pathophysiological basis of decompres- 
sion illness. A further problem can occur if flying too soon after a scuba dive. As 
cabin pressure decreases, subclinical microbubbles can expand, as predicted by 
Boyle’s law, disrupting cells and cellular function if located within the tissues and 
potentially leading to embolization if within the blood. It is for this reason that there 
are defined “no-fly” periods after scuba diving and why patients with decompres- 
sion illness requiring aeromedical transportation should always be flown at the low- 
est possible cabin altitude [16]. A review of the literature indicated that no adverse 
events had been reported during the transport of decompression illness patients if 
flown at an altitude below 500 ft [17]. Therefore, most clinicians would advocate for 
a sea-level flight in a fixed wing aircraft and the lowest possible safe altitude in a 
rotary wing aircraft. 

The effects of changes in gas volume can also impact on any medical device with 
a pneumatic component. Examples include: 


e Air filled splints 

e Vacuum mattresses 

e Transport ventilators 

¢ Intravenous fluid giving sets 
¢ Endotracheal tube cuffs 

e Drainage bags 

e Plasters 


This can be illustrated by considering endotracheal tube cuffs and transport ven- 
tilators. An endotracheal tube cuff, being filled with air, can expand on ascent result- 
ing in increased pressure on the tracheal wall, or contract on descent, increasing the 
risk of aspiration. One study on endotracheal tube intracuff pressure in 114 patients 
during helicopter transport showed that with a mean increase in altitude of 2.260 ft 
72% of patients had an intracuff pressure >50 cm H,O and 20% were >80 cm 
H,O. This effect can be overcome by carefully monitoring intracuff pressures, espe- 
cially during the ascent/descent phases of a flight [18]. 

Transport ventilators have different design characteristics resulting in some 
older or less sophisticated models altering their performance at altitude. For 
example, the Drager Oxylog 1000 has pneumatic logic controls which require a 
change in gas pressure to trigger a cycle from inspiration to expiration. As alti- 
tude increases, a larger volume of gas is required to trigger this switch resulting 
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in the delivery of a larger tidal volume than has been set. One study on the per- 
formance of Drager Oxylog ventilators showed an increase in delivered minute 
volume of 11% with the Oxylog 1000 and 15% with the Oxylog 2000 at a simu- 
lated altitude of 6000 ft ASL [19]. Newer ventilators such as the Oxylog 3000 
plus or the Hamilton T1 are designed with a range of pressure sensors and elec- 
tronic controls to allow for full compensation of any barometric-induced changes. 
Clinicians should remain alert to, and be aware of, the design characteristics and 
potential limitations of the ventilators they use, especially when working with 
older models. 


Effects of Temperature 


Within the physiological zone of the atmosphere, there is a temperature drop of 
~1-2 °C for every 1000 ft of ascent. This is not usually a significant issue in most 
fixed wing aircraft as there is varying capacity to control the cabin temperature. The 
greatest flexibility in this regard is when working in a dedicated air ambulance. 
When transporting a patient on a commercial flight, remember that they have to 
cater to a wide variety of passengers, with cabin temperature usually set at 
~22 + 2 °C. Most modern commercial aircraft can, however, adjust the temperature 
across multiple zones allowing for the option to liaise with the crew to try and better 
optimize the ambient temperature to a patient’s needs. The A380 for example can 
set cabin temperature between 18 and 30 °C across 15 different temperature control 
zones [20]. 

Temperature control can be harder to achieve in rotary wing airframes and the 
capacity to do so is very much dependent on the specific platform utilized and the 
environment in which it is operating. Rotary wing aircraft can expose both patients 
and crew to significant variations in temperature. In cold weather, this can lead to 
heat loss, especially in children or the critically ill patient. Conversely, in hot cli- 
mates, rotary wing aircraft can behave like a greenhouse, increasing cabin tempera- 
ture significantly even at altitude. 

Whilst it is important to maintain the thermal integrity of patients during 
aeromedical transportation, it is critical to note that thermal stress can also 
adversely impact the transport team. Excess heat stress, both hot and cold, can 
lead to fatigue, decreased attention span, impaired judgment, impaired calcula- 
tion, and poor decision-making all of which in turn can adversely affect patient 
care [21]. 

Medications are also required to be stored at specific temperatures. It is unlikely 
that many aeromedical services are able to maintain their medications at the correct 
temperature at all times. Whether the typical fluctuations in temperature that might 
be encountered in the aviation environment alter medication potency is generally 
not known. However, it is important to consider the thermal environment in which 
these operations will occur and to develop storage solutions to maintain as optimal 
thermal integrity of medications as possible. This is critical in the context of the 
storage of blood products. 
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Effects of Altered Humidity 


Relative humidity is the ratio of the partial pressure of water vapor in a mixture to 
the fully saturated water vapor pressure of that mixture at a given temperature. It is 
an index of how moist the air is. Relative humidity is predominantly a function of 
temperature, and it decreases as the temperature falls. With increasing altitude, there 
is a progressive fall in temperature and so the relative humidity will also fall. For 
comfort, humans generally require a relative humidity of between 50 and 70%. 
This, however, cannot be maintained in aircraft as it would lead to condensation and 
corrosion and so relative humidity is typically kept in the range of 10-20%. In other 
words, cabin air whilst in flight is dry. Generally, the longer the flight time, the 
lower the average relative humidity will be during that flight. 

Prolonged exposure over 3 h or more to this level of relative humidity can lead to 
drying of the skin and mucosal membranes, which can lead to complications such 
as sore eyes, sore throat, a dry cough, and epistaxis [22]. Breathing dry air can 
potentially trigger an exacerbation of COPD or asthma in some susceptible indi- 
viduals. However, there is no definitive evidence that this level of humidity results 
in any significant adverse health outcomes in the average passenger. It has also been 
suggested that breathing dry cabin air leads to an increased number of respiratory 
tract infections but there is no objective evidence to support this assertion. Despite 
this, it is appropriate to monitor a patient’s hydration status, humidify supplemental 
oxygen where possible, and protect the corneas from drying out in the patient with 
altered consciousness. This may be of even greater significance when transporting 
children or neonates, whose narrow airways render them more vulnerable to the 
consequences of low humidity-induced airway hyperresponsiveness, broncho- 
spasm, and the formation of mucous plugs due to inspissated pulmonary secre- 
tions [23]. 


Effects of Acceleration and Deceleration 


Humans have adapted to living life subject to the gravitational force of the Earth. 
Gravity is an accelerative force acting on objects to change their velocity over unit 
time. On the surface of the planet, this change is 9.82 m/s’, referred to as a force of 
1G. During flight, the human body can be exposed to either greater or lesser G 
forces. These can act on the body in a vertical, longitudinal, or lateral axis. G forces 
are referred to as positive or negative. This does not relate to their intensity but 
rather the direction of the force. For example, when standing upright gravity exerts 
a positive vertical G force. A negative vertical G force would act in the opposite 
direction of gravity [3, 4]. 

Furthermore, Newton’s third law of motion states that for every action there is an 
equal and opposite reaction. When an object accelerates or decelerates in one direc- 
tion, there will therefore be an equal force applied in the opposite direction, referred 
to as an inertial force. In relation to G forces and Newton’s third law, the most sig- 
nificant impact of flight is on the circulatory system. Consider a patient lying on a 
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stretcher with their head to the front of a fixed wing aircraft. As the aircraft acceler- 
ates for take-off, the patient will be exposed to positive G forces. This will result in 
the inertial force acting in the opposite direction, increasing blood flow away from 
the brain and towards the feet. The opposite will occur on landing. The physiologi- 
cal response to these forces will depend on their direction, duration, and intensity. 
Positive G forces, which increase blood flow away from the brain, are better toler- 
ated than negative G forces which increase blood flow into the brain [24]. Healthy 
individuals can compensate for short-term changes in blood flow, but there may be 
potentially adverse consequences in the critically ill patient with hemodynamic and/ 
or neurological compromise. For example, venous pooling in the legs may exacer- 
bate hypotension in the hemodynamically compromised patient with conditions 
such as sepsis or blood loss and lead to a decrease in cerebral perfusion. Conversely, 
increased blood flow to the brain may lead to an increase in intracranial pressure, 
which may be clinically significant in neurologically compromised patients such as 
those with head injury. 

Humans can potentially tolerate very short-term exposure to positive G forces of 
up to ~9G although most will lose consciousness with sustained exposure of 
~4G. Light-sensitive retinal cells are very sensitive to decreased perfusion and so 
graying of vision followed by complete loss of vision will often precede loss of 
consciousness. However, tolerance to negative G forces is much more limited to 
~2-3G before losing consciousness because of marked intracranial pooling of 
blood. The forces patients are usually exposed to in aeromedical operations are 
small and generally within the range of 1G + 0.25G although turbulence or the need 
to undertake sudden maneuvers can lead to greater short-term changes [24]. There 
is no good evidence to substantiate the direct clinical impact of these changes in the 
real-world retrieval environment, but it is prudent to always consider the potential 
impact of G forces on critically ill patients and take those into account when consid- 
ering the optimum positioning of the patient in the selected transport platform. 


Effects of Noise 


The aeromedical environment is noisy. Ambient noise varies according to aircraft 
type and the specific phase of flight. Noise levels in a typical commercial aircraft 
can vary throughout the flight from ~65 to 85 dBA, whereas in turboprop or rotary 
wing aircraft, this can exceed 95 dBA. Typical noise exposure standards indicate 
that an exposure of 85dBA averaged over an 8-h period is the acceptable upper limit 
to avoid damage to hearing. Note that every 3 dBA increase in noise is equivalent to 
a doubling of energy output and thus a halving of the acceptable exposure time. 
Therefore, exposure to 88 dBA averaged over 4 h or 91 dBA averaged over 2 h 
would be equivalent to the 85 dBA over 8 h standard. For comparison, normal con- 
versation occurs at ~20 dBA. 

Exposure to noise has a significant impact on individuals [25, 26]. Apart from the 
potential for hearing loss, human performance appears to be adversely influenced 
by exposure to both sustained and intermittent noise. This can lead to fatigue, 
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irritability, impaired cognition, and compromised ability to perform tasks. The main 
impact appears to be with complex tasks where prolonged concentration is required, 
for example, the clinical management of a patient in flight. It should be noted that 
there is a great degree of inter-individual variation in the tolerance to noise, which 
is influenced by an individual’s state of arousal, personality, motivation, and prior 
experience. It has also been noted that the performance of simple repetitive tasks 
may in fact be enhanced by noise. Aircraft noise can of course also impair commu- 
nication between members of the retrieval team and with the patient, which can 
compromise safety and lead to both clinical and operational errors. 

The physiological and psychological impact of noise on a patient is unclear. It 
can lead to sleep deprivation in the critically ill patient, which in turn can contribute 
to cardiovascular stress, impaired immunity, and catabolic metabolism. Noise also 
increases sedation and analgesia requirements in the critically ill. Exposure to noise 
may lead to fear, anxiety, and stress which in part may predispose to the develop- 
ment of confusion, delirium, and psychosis. It is important to always consider the 
impact of noise on both the retrieval team and the patient and to take steps to mini- 
mize its impact through the use of aids such as ear plugs and headphones. 


Effects of Vibration 


Vibration is defined as periodic oscillation in relation to a fixed equilibrium point. 
Organs, organ systems, and the body in general all have their own natural frequency 
of vibration [27]. External vibrations close to these natural frequencies will result in 
amplification of vibration. Typical body resonant frequencies are: 


e Shoulder girdle 4-5 Hz 

e Abdominal organs 4-8 Hz 

e Head 5-6 Hz 

¢ Facial tissues 15-20 Hz 

e Eyes 60-90 Hz 

¢ Whole body (vertical plane) 2-10 Hz 
¢ Whole body (horizontal plane) <3 Hz 


Flight can increase exposure to vibration [3, 4]. This can be from sources within 
the aircraft, such as the engine, or external to the aircraft, such as turbulent air. In a 
rotary wing aircraft, vibration occurs in all axes of movement and is generally worse 
in the transition stages to hover. Rotating components and gears are the main source 
of vibration in rotary wing aircraft, whereas engine operation, propellers, and turbu- 
lence are the principal sources related to fixed wing aircraft. Transmission of vibra- 
tion to the body can have a number of adverse events [28]. These include generalized 
discomfort and fatigue from muscle contractions in an attempt to dampen the vibra- 
tion and low back pain especially for those in a seated position. There can be impair- 
ment of capacity to undertake precise manual tasks by vibration at frequencies of ~ 
4—6 Hz and blurring of vision can occur at frequencies of 2-20 Hz. Speech can be 
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distorted at frequencies of 4-12 Hz and prolonged exposure to vibration can impair 
the ability to undertake complex cognitive tasks. Low frequency oscillations pro- 
voke motion sickness. These can be up to ~0.7 Hz with maximum nausea potential 
being around 0.2 Hz [29]. These effects can be particularly significant for retrieval 
teams that work constantly within the aeromedical environment and can be a signifi- 
cant contributor to fatigue, impairment of the ability to perform complex cognitive 
tasks, and subsequent human error. 

In patients with hemorrhage, such as those with major pelvic trauma, vibrations 
may potentially destabilize clots and facilitate increased bleeding [30]. Some clini- 
cians believe that vibration may impact adversely on the cardiovascular and respira- 
tory systems. There is also a theoretical risk of increased bubble formation in 
patients with decompression illness. Tribonucleation is a physical process where 
gas bubbles can be formed at an interface where two adherent surfaces are rapidly 
pulled apart. Vibration appears to accelerate this process although its impact in vivo 
is not known [31]. Indeed, the overall the risks to a patient in relation to vibration 
are not well understood and the complex characteristics of vibration in the aero- 
medical environment make it very difficult to conduct meaningful research in this 
area. However, it is still important to remain alert to the actual and potential effects 
of vibration on both aircrew and patients and to attempt to reduce those effects 
where possible. This is primarily an engineering issue relating to areas such as 
stretcher design, restraint systems, damping mechanisms, and overall aircraft main- 
tenance. Finally, be aware that vibration can also impact on medical equipment 
either by affecting its function, such as with non-invasive oscillometric blood pres- 
sure monitors and activity sensing pacemakers or leading to dislodgement, such as 
the migration of an endotracheal tube. 


Effects of Fatigue and Stress 


This is primarily a concern for the aircrew. Factors inherent to the flight environ- 
ment that increase fatigue include: 


¢ Hypoxia 

e Thermal stress 

e Noise 

e Vibration 

¢ Dehydration 

e Physical activity 

e Increased workload 

¢ Motion sickness—see below 


Fatigue, in turn, leads to a lack of motivation, impaired short-term memory, 
increased reaction time, impaired judgment, intolerance, frustration, risk-taking 
behavior, and poor decision-making. In other words, fatigue leads to mistakes [32]. 
None of these traits are helpful in the conduct of a complex medical repatriation. 
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Motion Sickness 


Motion sickness is caused by exposure to actual or apparent motion that you are 
unfamiliar with. The pathophysiology is complex and not fully understood, but it is 
essentially the result of a conflict of sensory inputs between what your eyes see, 
what your vestibular apparatus senses, and what signals your brain expects as 
opposed to those it receives. The motion associated with flight can commonly lead 
to motion sickness, particularly in turbulent conditions, as your inability to fully 
visualize the outside world whilst the aircraft is moving can lead to such a vestibular- 
visual conflict. The most important thing to remember in regard to motion sickness 
is that it can affect anyone at any time, including aircrew who have flown exten- 
sively with no prior problems. Pregnant individuals, children, people with prior or 
current vestibular disease, migraine sufferers, and those who exhibit marked anxiety 
about the potential for motion sickness appear are at increased risk. General mal- 
aise, sweating, nausea, vomiting, and an exaggerated sense of motion are typical 
features. Malaise, lethargy, and fatigue can persist for many hours [33]. This can not 
only be unpleasant, but if occurring in the aircrew can significantly compromise 
their ability to carry out their essential functions. 


Cabin Atmosphere and the Spread of Respiratory Pathogens 


The recent COVID-19 pandemic has stimulated further debate on the quality of 
aircraft cabin air. Despite the number of flights undertaken each year, the true risk 
of transmission of respiratory pathogens remains an unknown. The primary trans- 
mission route for pathogens that cause diseases such as severe acute respiratory 
syndrome (SARS), influenza, and COVID-19 are respiratory droplets carried over 
short distances <1 m [34]. 

Airflow in modern commercial aircraft comprises a mix of air drawn in from the 
outside and air that is recycled through high efficiency particulate air (HEPA) filters 
that can remove 99.9% of particulate matter. Cabin air is completely exchanged 
every 2-3 min and airflow occurs from ceiling to floor in a circular pattern, rather 
than along the length of the aircraft. These characteristics mean that passenger 
exposure to pathogenic respiratory droplets is significantly minimized. It should be 
noted that whilst droplets appear to be the main form of transmission, aerosols most 
likely also play a part in the transmission of diseases such as SARS, influenza, and 
COVID-19. Aerosols can remain suspended in cabin air for longer than droplets, 
which might increase transmissibility, but, again, the true risk is not known. 

This is a difficult area to research. A recent computational fluid dynamic model 
from Boeing researchers has suggested that people sitting next to each other on an 
aircraft receive the same level of protection from aerosolized cough particles as 
those standing more than 7 ft away in an office building, which would support the 
notion that a cabin environment is a low spread environment [35]. Similar studies 
have been undertaken by Airbus and Embraer. All of this suggests that the manage- 
ment of cabin air results in the risk of onboard transmission of respiratory pathogens 
as likely being extremely low, but not zero. 
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For fixed wing aeromedical operations, this risk can be further mitigated against 
through the use of multiple additional measures, such as cockpit isolating proce- 
dures to separate air crew from medical crew, the wearing of appropriate PPE, scru- 
pulous hand hygiene, and pre- and post-cleaning of aircraft. Biocontainment devices 
may offer additional levels of safety in carefully selected scenarios but bring with 
them additional logistical challenges. These factors likely take on even greater rel- 
evance within the rotary wing environment given its constraints of space and differ- 
ing airflow patterns. However, the recent COVID-19 pandemic has demonstrated 
that HEMS operators can safely adapt helicopter operations to ensure safe and 
effective transport of actual or potentially infectious patients [36-38]. 


Summary 


There are a number of significant physiological consequences and environmental 
stressors in relation to the transport of a patient in a hypobaric aviation environment. 
It is important to understand the implications of these on normal human physiology 
and what steps can be taken to minimize the potential for related adverse clinical 
consequences in sick or injured patients being transported by air. It is equally impor- 
tant to remember that these physiological changes and environmental stressors can 
impact on the aircrew and on medical equipment. Finally, it is worth noting that 
whilst the potential implications of these changes are generally well understood 
their actual clinical significance is not. For example, Boyle’s Law clearly predicts 
that a pneumothorax will expand at altitude, but does that mean that there is a risk 
of clinical deterioration or even tension when we fly such a patient, and if so, is it 
dependent on other factors, for example, the etiology of the pneumothorax, duration 
of flight, cabin altitude, and associated comorbidities? Unfortunately, the relatively 
isolated and potentially hostile nature of the aeromedical environment is a difficult 
one in which to establish high-quality clinical trials and most such questions have 
not yet been answered by research. 
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Travel 
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Introduction 


This chapter discusses the legal issues and implications surrounding the provision 
of medical care during a commercial flight. Those issues primarily concern what 
and whose law governs the situation and the resulting liability implications and 
protections for physicians and other health care providers. The first section addresses 
the Aviation Medical Assistance Act and the parameters it sets forth for protecting 
air carriers and health care providers; how health care provider liability might be 
addressed under the Act depending on the state in which a claim is pursued; and US 
government policies that may prevent people from flying for medical reasons. 
International carrier liability is briefly discussed, but, because there is no uniform 
liability standard, it is difficult to predict how such actions may resolve. In-flight 
medical encounters are addressed in the next section, which concludes that there is 
insufficient data compiled by the government and carriers to effectively analyze it. 
There is, however, enough data to know that there are tens of thousands of medical 
incidents each year, making it a real possibility that a health care provider could be 
confronted with such an event during commercial air travel. The final section 
addresses important considerations before giving care. Although there is no actual 
legal requirement to provide medical care during a commercial flight, if care is 
begun, the provider must satisfy general requirements as detailed below. 
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The Aviation Medical Assistance Act 


In the middle and late 1990s, the US government and the aviation industry began to 
focus on in-flight medical emergencies, with a specific focus on cardiac emergen- 
cies. Some, but not all, airlines had already equipped certain flights with automatic 
external defibrillators (“AEDs”). Congress held hearings on the matter throughout 
1997 on the deployment of AEDs on commercial airlines, and several additional 
airlines began voluntarily equipping some of their flights with AEDs. Congressional 
reports produced during this inquiry stated that “the most commonly observed seri- 
ous in-flight medical events are cardiac in nature, with ventricular fibrillation being 
the most common form of abnormal heart rhythm” [1]. 

In 1998, Congress passed the Aviation Medical Assistance Act of 1998 (“Act”) 
[2]. Notably, the Act extends only to “air carriers,” which are defined as US compa- 
nies [2]. Thus, the Act does not apply to foreign air carriers, even those flying into 
and out of US airports [3]. 

The Act is primarily a directive from Congress to the Federal Aviation 
Administration (“FAA”’) to evaluate and, if appropriate, issue regulations governing 
what is necessary in the medical kits aboard commercial airliners, specifically 
whether AEDs must be included, and the training of flight attendants in the use of 
that equipment [2]. The Act also addresses requirements that major air carriers report 
certain details of deaths that occur on their flights or because of in-flight incidents [2]. 

The FAA conducted the required evaluation and eventually promulgated regula- 
tions concerning the required medical equipment and training. Those regulations 
currently state that all flights for which a flight attendant is required must contain at 
least one approved emergency medical kit (see Table 4.1 for items currently required 
in approved medical kits) [4]. All aircraft for which a flight attendant is required and 
that have a maximum payload capacity greater than 7,500 pounds must also contain 
an AED [4]. This directive generally applies to aircraft with a capacity of approxi- 
mately 30 passengers [5]. Thus, certain small commuter flights may not have AEDs 
on board. 

The final substantive section of the Act creates two different limitations on liabil- 
ity. For the airline, the Act essentially creates absolute liability for its role in seeking 
to obtain assistance from Aviation Medical Assistance Act passengers to address an 
in-flight medical emergency: 

An air carrier shall not be liable for damages in any action brought in a Federal 
or State court arising out of the performance of the air carrier in obtaining or 
attempting to obtain the assistance of a passenger in an in-flight medical emergency, 
or out of the acts or omissions of the passenger rendering the assistance, if the pas- 
senger is not an employee or agent of the carrier and the carrier in good faith believes 
that the passenger is a medically qualified individual [2]. 

If the passenger is not an employee or agent of the airline and the airline has a 
good faith belief that the passenger is a “medically qualified individual,” which is 
defined as “any person who is licensed, certified, or otherwise qualified to provide 
medical care in a State, including a physician, nurse, physician assistant, paramedic, 
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Table 4.1 In-flight emergency medical kit 


Contents Quantity 
Sphygmomanometer 1 
Stethoscope 1 
Airways, oropharyngeal (3 sizes): 1 pediatric, 1 small adult, 1 large adult or 3 
equivalent 

Self-inflating manual resuscitation device with 3 masks (1 pediatric, | small adult, 1 1:3 
large adult or equivalent) masks 
CPR mask (3 sizes), 1 pediatric, | small adult, | large adult, or equivalent 3 

N Admin Set: Tubing w/2 Y connectors 1 
Alcohol sponges 2 
Adhesive tape, 1|-inch standard roll adhesive 1 
Tape scissors 1 pair 
Tourniquet 1 
Saline solution, 500 cc il 
Protective nonpermeable gloves or equivalent 1 pair 
Needles (2-18 Ga, 2—20 Ga, 2—22 Ga, or sizes necessary to administer required 6 
medications) 


Syringes (1-5 cc, 2-10 cc, or sizes necessary to administer required medications) 4 
Analgesic, non-narcotic, tablets, 325 mg 4 
Antihistamine tablets, 25 mg 4 
Antihistamine injectable, 50 mg (single dose ampule or equivalent) 2 
Atropine, 0.5 mg, 5 cc (single dose ampule or equivalent) 2 
Aspirin: tablets, 325 mg 4 
Bronchodilator, inhaled (metered dose inhaler or equivalent) 1 
Dextrose, 50%/S0 cc injectable (single dose ampule or equivalent) 1 
Epinephrine 1:1000, 1 cc, injectable (single dose ampule or equivalent) 2 
Epinephrine 1:10,000, 2 cc, injectable, (single dose ampule or equivalent) 2 
Lidocaine, 5 cc, 20 mg/mL, injectable (single dose ampule or equivalent) 2 
Nitroglycerine tablets, 0.4 mg 1 
Basic instructions for use of the drugs in the kit 1 


and emergency medical technician” [2], the airline has complete immunity from 
liability related to passengers who assist during an inflight emergency. 

The second limitation on liability in the Act applies to passengers—such as doc- 
tors, nurses, and EMTs—who help during an in-flight emergency: 

An individual shall not be liable for damages in any action brought in a Federal 
or State court arising out of the acts or omissions of the individual in providing or 
attempting to provide assistance in the case of an in-flight medical emergency unless 
the individual, while rendering such assistance, is guilty of gross negligence or will- 
ful misconduct [2]. 

This subsection does not explicitly state that it protects only individuals aboard 
“air carriers,” i.e., US airliners, so arguably it protects anyone in flight in the United 
States regardless of what flag the aircraft flies. But because the rest of the Act is 
limited to “air carriers,” this specific limitation of liability likely also applies only to 
individuals aboard an “air carrier’s” airplane. 

This subsection does not create complete immunity. Instead, it provides qualified 
immunity from liability that can be overcome by a showing of “gross negligence” 
or “willful misconduct.” This begs the question of what qualifies as “gross 
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negligence” and “willful misconduct.” Somewhat surprisingly, as of this writing, 
there are no reported decisions applying the Act to a claim against a passenger (e.g., 
physician, nurse) for treatment provided by the passenger during an in-flight emer- 
gency [6], so the case law provides no guidance about the meaning of “gross negli- 
gence” or “willful misconduct.” Moreover, those terms are not defined in the Act 
itself, there is not any definition from some other source referenced in the Act, and 
there is not any uniform definition of those terms for purposes of federal law. It is 
worth noting, however, that under the Act, those providing medical assistance 
aboard a commercial airliner must be medically qualified to do so and cannot be 
paid for the care provided [2, 6]. 

“Gross negligence,” and to a lesser extent “willful misconduct,’ are concepts 
typically found in tort law, which is primarily a creature of state law. Generally, 
many states adhere to three basic standards of negligence, listed in increasing sever- 
ity: (1) “simple” or “ordinary” negligence; (2) “gross” negligence; and (3) “willful” 
or “willful and wanton” negligence. There is little federal tort law on the latter. 
Thus, it makes some sense that the Act leave these terms undefined. Nevertheless, it 
is problematic because the concepts also have no uniform definition from state to 
state. Though everyone can generally agree that “gross negligence” is something 
more than simple negligence, Massachusetts may define “gross negligence” slightly 
differently than Virginia, [linois, or Texas. 

Assume that a doctor from Virginia boards a flight in Boston bound for Los 
Angeles. The airline has its corporate headquarters in Delaware. Somewhere over 
Kansas, a passenger begins experiencing chest pains. The doctor responds to the 
crew’s request that any doctor aboard identify himself or herself and provides treat- 
ment to the passenger. The passenger thereafter sues the doctor for medical mal- 
practice. Because the Act applies to this situation, the passenger must allege and 
prove that the doctor was at least grossly negligent in the treatment provided during 
the flight. But whose definition of gross negligence will govern that inquiry? The 
passenger could probably sue in Massachusetts, Kansas, Virginia, Delaware, or 
California. Each of those states will have its own definition of “gross negligence” 
and its own choice of law rules for determining which state’s definition will govern. 
Thus, a court in Virginia may determine that Kansas or Massachusetts law applies 
and use that state’s definition of gross negligence. 

It is impossible to predict how this question would be resolved in any given case 
because the analysis is so fact intensive. Moreover, the definitional differences may 
not matter much because those differences from state to state tend to be marginal 
and nuanced. Thus, one state’s definition of “gross negligence” is unlikely to 
include or exclude many fact patterns that another state’s definition would not also 
include or exclude. The fact remains, however, that in any case in which qualified 
immunity is at issue under § 5(b) of the Act there will likely be a legal battle over 
which state’s law applies and what gross negligence means. If such a case arose, 
lawyers representing the injured party would likely look at which state or jurisdic- 
tion had the most favorable tort law for alleged victims of medical negligence. 
Variables that would be examined would be the jurisdiction’s restrictions on dam- 
ages (such as non-economic damages caps), the state’s laws on contributory or 
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comparative negligence, and how receptive the venue in the state might be to such 
a claim. 

The same issues exist for “willful misconduct” as used in § 5(b) of the Act. 
“Gross negligence” is a phrase and concept found in virtually every state’s jurispru- 
dence. Conversely, “willful misconduct” as a liability standard is not. For example, 
some states have a concept called “willful and wanton negligence,” which may be 
synonymous with “willful misconduct.” Or it may not be. “Willful misconduct” 
could be closer conceptually to intentional torts like battery. Thus, as with gross 
negligence, an in-flight emergency case that alleges “willful misconduct” will first 
involve a dispute to define what that means. That said, because there are no reported 
decisions involving a gross negligence claim under the Act, a case implicating the 
“willful misconduct” standard under the Act will be even rarer still. 

In sum, the sheer lack of reported decisions involving § 5(b) of the Act suggests 
that the requirement of proving at least “gross negligence” is a significant deterrent 
to any potential plaintiff contemplating a claim against a volunteer responding to an 
in-flight medical emergency. This makes intuitive sense. Despite varying slightly 
from state to state, “gross negligence” has historically been defined in terms of act- 
ing without even slight care [7]. It would take very compelling facts to reconcile the 
notion of a medical provider volunteering to assist a fellow passenger during an 
in-flight medical emergency with the notion of acting without even slight care. 
Thus, given the limitation of liability in § 5(b) of the Act, health care professionals 
aboard domestic flights should have a relatively high degree of confidence that say- 
ing “yes” when a flight attendant comes over the intercom asking if there is a doctor 
or nurse aboard is unlikely to invite liability for medical malpractice. Lastly, but 
importantly, the optics of suing a physician rendering “Good Samaritan” aid to a 
patient in need are not appealing to most experienced trial attorneys. 


The Do Not Board List 


In addition to the Act, the US government has instituted other policies addressing 
medical issues that affect who may fly. Although these policies do not alter the stan- 
dard of care for medical providers who provide in-flight emergency medical assis- 
tance, they do affect the types of medical issues health professionals would most 
likely face on a flight. These policies have heightened salience due to the COVID-19 
pandemic. 

In June 2007, the Centers for Disease Control and Prevention (“CDC”) and the 
Department of Homeland Security established the Do Not Board list pursuant to the 
authority granted to the Transportation Security Administration (“TSA”) by the 
Aviation and Transportation Security Act [8]. The Do Not Board list aims “to pre- 
vent commercial air travel by people who are contagious with certain diseases of 
public health concern, such as infectious tuberculosis and measles” [8]. The TSA 
enforces the Do Not Board list by ensuring that individuals placed on the list cannot 
obtain a boarding pass for flights to, from, or within the United States [8]. An indi- 
vidual placed on the Do Not Board list remains on the list until the Department of 
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Health and Human Services or the CDC either receives medical documentation 
“that the individual is no longer considered infectious” or the period during which 
the individual “is at risk of becoming infectious” lapses without the individual 
developing symptoms [9]. To help enforce the Do Not Board list, Customs and 
Border Protection maintains a Public Health Lookout associated with individuals on 
the list to monitor attempts by those people to enter the United States [8, 9]. During 
the height of the COVID-19 pandemic the CDC used the Do Not Board list and the 
Public Health Lookout “‘to restrict travel of people with COVID-19 and close con- 
tacts who are recommended to quarantine” [10]. 


The Montreal Convention—International Carriers 


As stated above, the Act applies only to “air carriers”—airlines based in the United 
States. It is unclear whether the protections of the Act extend to air carriers operat- 
ing internationally, such as a Delta flight from Atlanta to Rome. Because nothing in 
the Act says that the Act would not apply in such a situation, the Act likely would 
apply in litigation brought in the United States. 

Regardless of the nationality of the carrier, virtually all international flight is also 
governed by the Convention for the Unification of Certain Rules for International 
Carriage by Air, commonly referred to as the “Montreal Convention.” The Montreal 
Convention was signed in 1999, became effective in 2003, and supplanted the prior 
“Warsaw Convention” [11, 12]. The Montreal Convention has been ratified by 136 
countries and the European Union [11]. 

The Montreal Convention deals exclusively with the relationship and liabilities 
between customer and carrier. It has no “Good Samaritan” provision analogous to § 
5(b) of the Act that would protect or limit the liability of third-party passengers, 
such as a volunteer doctor [13]. Accordingly, on many international flights, and on 
all flights by international carriers, there is no uniformly applicable liability stan- 
dard for volunteer health care providers during an in-flight medical emergency [14]. 
Those standards would, instead, be determined by the substantive law and choice of 
law rules of the country in which litigation is maintained. 


In-Flight Medical Encounters 


While in-flight medical incidents are relatively common, they are not commonly 
reported or studied [15]. Moreover, “[m]ethods of data collection for in-flight medi- 
cal incidents tend to be airline-specific, making it challenging to obtain a clear over- 
view of past research in this field” [14]. The reasons are obvious given the 
environment, the relatively short time periods involved, and the transfer of care that 
takes place once the aircraft lands. Thus, other than the Act discussed above and 
whatever state law may apply given the choice of law, there are essentially no other 
guidelines in place for health care practitioners who find themselves in flight and 
asked to render health care. 
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Further, as one would expect given the above, there is no uniform system set up 
by federal or state authorities to monitor the incidence of in-flight medical emergen- 
cies. Thus, analyzing, comparing, and making recommendations based upon the 
data is speculative. 

We do know that “MedAire, a medical assistance company that provides remote 
assistance to several commercial airlines in the United States, responds to an aver- 
age of 17,000 cases per year” [15]. It is still difficult to extrapolate that number to 
the entire number of incidents involving all domestic airlines. But, suffice it to say 
the numbers appear to be well into the tens of thousands of in-flight medical inci- 
dents per year. Given these numbers, as a health care provider traveling on a com- 
mercial flight, the possibility of being called on to render medical assistance is quite 
real and should be considered before boarding a commercial aircraft. 


Important Considerations Before Giving Care 


Notwithstanding the above, first and foremost, as in any other situation, the law does 
not require a health care provider to intervene or get involved with an in-flight emer- 
gency [14]. In most jurisdictions, absent some sort of legally defined “special relation- 
ship,” the law imposes no duty upon anyone to act in aid of another, which extends to 
any licensed medical provider, including physicians, nurses, physician assistants, para- 
medics, and emergency medical technicians. Thus, absent some “special relationship” 
(e.g., the sick individual is a current patient, or the physician begins administering care 
and then stops during the flight), a physician can refuse to become involved during such 
a flight. Whether there is an ethical requirement of involvement is beyond the scope of 
this chapter, but there can be no legal liability for abstaining from involvement. 

The legal regimes discussed above also do not reach or alter any sort of documen- 
tation requirement specific to the volunteer health care provider. Generally, physi- 
cians volunteering to assist during in-flight emergencies (a) should know about the 
most common in-flight medical problems; (b) know or find out what medical equip- 
ment is aboard the aircraft that could assist the physician; (c) coordinate the care with 
the flight crew and those assisting from the ground; and (d) only provide care within 
their training, experience, ability, licensing, and scope of practice [15]. 

Thus, the provider should attempt to adhere to the standard of care applicable in 
his or her licensing jurisdiction when it comes to documenting an encounter during 
an in-flight medical emergency [16]. This can most easily be accomplished by fill- 
ing out an incident report with the airline. But even if the provider fails to document 
the encounter, any liability arising out of that failure would still be subject to § 
5(b)’s (Liability Limitations under the Act) requirement of proving at least gross 
negligence. And, as discussed above, that is a high hurdle. Notwithstanding the 
substantial legal challenges for a passenger inclined to pursue a medical negligence 
claim or lawsuit, it is prudent for the medical provider to document or chart the in- 
flight encounter in the same manner the provider is accustomed to doing in his or 
her professional life. The reasons for this are the same as those that apply to the 
provider’s practice. 
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Conclusion 


As this chapter’s brevity suggests, the medicolegal issues surrounding in-flight 
medical emergencies are not particularly complex. Nor is there an abundance of 
medical encounters or incidents to study in the United States. While the possibility 
of a health care professional encountering an in-flight medical emergency is low, the 
likelihood of incurring any kind of liability for volunteering to provide in-flight 
medical treatment is even lower due to the heightened liability standard provided by 
the Aviation Medical Assistance Act. This assumes, of course, that the physician 
rendering care is doing so within the scope of his or her education, training, and 
experience. 
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International Flight Considerations 5 


Terrence Mulligan and Jose V. Nable 


Introduction 


In the last 20 years, the number of passengers traveling on planes has increased 
exponentially. The International Civil Aviation Organization (ICAO) along with 
other sources report the number of persons traveling by air at more than 2.5—3.2 bil- 
lion worldwide every year, with an estimated 5% of travelers experiencing a chronic 
illness [1-4]. Air travel is quite safe from a technical point of view though passen- 
gers are increasingly at-risk during flight due to individual health problems [5]. 
Although air travel is growing safer and more comfortable, the increasing average 
age of passengers, heightened security, stress surrounding flights and schedules, 
combined with the unique environment of airplanes with changes in cabin tempera- 
ture, air pressure and humidity levels, narrow seats, and frequent flight delays may 
result in adverse medical conditions during flights [6]. Combined with the rising 
number of passengers and increased capacity of larger aircraft with more long- 
distance domestic and international flights [2, 7], with long-haul aircrafts—such as 
the Airbus A380 and Boeing 777 LR now capable of extending flight times to 
18-20 h, it is likely that the incidence of in-flight medical emergencies will continue 
to increase in the coming years [3]. International air travel in particular combines 
long-haul, extended flight times with unique exposures and an even more austere, 
secluded environment for passengers with acute and/or chronic illnesses, and 
suggests unique medical challenges for recognition, stabilization, treatment, diag- 
nosis, and disposition. 
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Background 


As the population ages, the number of travelers with health problems is also likely 
to increase, which may lead to an increase in the number of in-flight medical emer- 
gencies. Although they are uncommon, medical emergencies do happen on air- 
planes in flight [8]. Certain examples in the literature indicate that urgent medical 
conditions during flights have increased gradually [6]. 

Although the actual number of medical emergencies occurring in flight is 
unknown due to difficulties and lack of standardization in reporting, it is estimated 
that between | in 10,000 and 1 in 40,000 passengers per year will experience a 
medical emergency in flight [9]. In recent studies, urgent medical and surgical situ- 
ations during air travel have been reported as 10-40 demands per 100,000 passen- 
gers [2, 5, 10-12]. Data from research studies conducted during the last few years 
have shown significant increases in in-flight medical emergencies (IMEs) world- 
wide, but data and knowledge on the incidences, causes, and consequences are still 
limited, non-uniform, and difficult to gather [3, 5, 7, 13, 14]. 

Although a majority of in-flight medical incidents are minor, as many as 7% to 
13% of medical emergencies result in aircraft diversion or unscheduled emergency 
landing [11]. In-flight deaths are quite rare, with an estimated rate of only 0.3-1 
death per million passengers per year [9]. The most common reason for a diversion 
is a cardiac event [15]. Diversions can be quite costly for an airline, with cost esti- 
mates ranging from $30,000 to more than $725,000, depending on the situation 
[15]. These figures do not include the additional costs to other passengers of missed 
connecting flights and other delays [8]. 

Qureshi and Porter, in their study of one major international air carrier, found 
that in 75% of medical emergencies either a doctor or a nurse responded to the air 
crew’s request for help, and 11% of the time a paramedic responded with assistance 
[7]. A study by the Medlink group (a ground-based medical consulting service for 
airlines) found a similar rate of response, with medical professionals responding to 
in-flight medical emergencies about 70% of the time [8, 16]. However, in one study, 
in the year ending 31 March 1999, British Airways carried 36.8 million passengers 
and there were 3386 reported inflight medical incidents: about 1 per 11,000 pas- 
sengers. Although 70% were managed by cabin crew without the assistance of an 
onboard health professional, in almost 1000 incidents doctors and nurses were 
asked to help with the management of ill passengers [17]. 


Differences in Medical Emergencies on International Flights 


Estimating the frequency of in-flight medical events is challenging because no man- 
datory reporting system exists [17]. Various prevalence data sources exist but most 
have been derived from individual airlines. In 1999, British Airways reported about 
one in-flight medical incident per 11,000 passengers [18]. A 2000 UK Government 
report indicated that the number can be as high as one in 1400 passengers, and a 
study of a ground-based communications center that provides medical consultative 
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service to airlines estimated that medical emergencies occur in | of every 604 flights 
[4, 17]. Estimates of medical events requiring professional intervention was thought 
to be about one per 14,000 passengers [19]. 

These data are an average of short-haul and long-haul flights; given the reduced 
time on the plane with short-haul flights, and the decreased likelihood of passengers 
seeking help when they are closer to their destination, medical events are likely to 
be higher than this estimate on long-haul, international flights. In most cases, the 
incidence of IMEs is likely to increase with the continued growth in air travel, with 
the gradual aging of the traveling population, and with people with pre-existing 
disease traveling by air, and as airlines continue to reduce prices by reducing seat 
sizes and increasing passenger numbers [20]. 

Providing medical care with limited resources, space, support personnel, and 
equipment creates a suboptimal environment for those physicians, nurses, and 
other medical professionals who often are asked to volunteer to provide care. 
Furthermore, some physicians may be reluctant to volunteer to assist in such emer- 
gencies given the current litigious environment [21]. The reliance of airlines on 
volunteer medical assistance combines with several other issues: inadequate space 
and seating for passengers, inadequate space to provide proper and adequate medi- 
cal care, inadequate training of crew members, inadequate medical equipment, and 
inadequate or unclear laws pertaining to volunteer providers, crew members, air- 
lines and patients, especially on international flights crossing state and national 
borders and airline ownership; all these combine to increase difficulties of medical 
stabilization, treatment, diagnosis and disposition, and even more so on long-haul, 
international flights [21]. 


General Medical Conditions Affected by Long-Haul 
International Flights 


The unique environments associated with aviation, inside and outside the cabin, 
combined with passenger-specific pre-existing medical conditions and risk factors, 
plus the suboptimal conditions for medical care, diagnosis, and treatment on long- 
haul flights, all result in increased medical risk for passengers, and likely increased 
in-flight emergencies on long-haul, international flights. 

Exacerbation of pre-existing medical problems such as respiratory or cardiovas- 
cular conditions can create medical emergencies in the air if passengers do not dis- 
close pertinent information or their treating physicians do not fully understand the 
risks of flight. In addition, newly presenting medical conditions (e.g., syncope or 
dyspnea) may also manifest themselves at altitude. Such events may be presumed to 
be worst-case scenarios (e.g., syncope could be a manifestation of lethal arrhyth- 
mias, abdominal aortic aneurysm, or ruptured ectopic pregnancy [22]. 

The special environments associated with aviation: reduced atmospheric pres- 
sure, reduced available oxygen, increased noise and vibration, and external sub- 
freezing temperatures, can place certain patients at increased risk for medical 
emergencies. 
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The cabin environment itself contributes to specific medical risks, which are only 
exacerbated with long-haul, international flights. With larger planes with greater 
numbers of passengers, and potentially hundreds of people in the aircraft cabin are 
breathing and re-breathing the same air, ventilation becomes critical to eliminate 
possible contaminants and air-borne infections, and provide environmental comfort. 
In modern aircrafts, 50% fresh air is introduced and added to 50% recirculated air. 
While this is an improvement when compared to ventilation averages for public and 
commercial buildings which combine 20% fresh air with 80% recirculated air, the 
population density is much higher in aircrafts compared to most commercial build- 
ings and public spaces [23]. 

On long-haul international flights, travelers spend longer periods in enclosed 
spaces, especially those which can facilitate the spread of infectious diseases. 
Several outbreaks of serious infectious diseases have been reported aboard com- 
mercial airlines since 1946, including influenza, measles, severe acute respira- 
tory syndrome (SARS), tuberculosis, food poisoning, viral enteritis, and 
smallpox [3]. 

Most commercial aircrafts use high-efficiency particulate air filters to recirculate 
the cabin air. There appears to be little or no difference between types of air filters 
used: one study showed no significant difference in self-reported infection rates in 
aircrafts that use high-efficiency particulate air filters compared with those in air- 
crafts that use a single-pass cabin ventilation systems [24]. 

The risk of onboard transmission of infection is mainly restricted to individuals 
with either close personal contact or seated within two rows of an index passenger 
[25, 26]. However, one report of a single flight on Air China flight 112, 22 passen- 
gers and crew member developed probable onboard severe acute respiratory 
syndrome-associated coronavirus (SARS-CoV) infection [27]. 

According to the World Health Organization (WHO) and multiple other studies, 
the 2002-03 SARS epidemic indicated that commercial air travel has an effect on 
infectious-disease spread [28]. WHO estimates that “65 passengers per million who 
travelled aboard commercial flights originating from regions of active transmission 
during the outbreak were symptomatic with probable SARS” [28]. WHO that dur- 
ing the SARS epidemic, 40 flights carried 37 probable SARS-CoV source cases 
during the outbreak, resulting in 29 probable onboard secondary cases [28]. 

It is likely, based upon data from these and other studies, as well as from the 
contained environment and prolonged exposure to re-breathed and recycled air, that 
these international flights pose a significant exposure risk to various infectious 
diseases. 

See Chap. 14 on a more detailed discussion surrounding emerging infectious 
diseases such as Covid-19 and viral hemorrhagic fevers such as Ebola. Travel in the 
midst of public health crises can be complicated when traveling across international 
borders. For example, individual countries may have different standards regarding 
quarantines, testing, masking, and vaccinations. Healthcare providers who travel 
should be mindful of how these various rules may affect them both personally and 
their response to in-flight medical issues. Both the CDC and the US Department of 
State maintain travel advisories regarding specific countries. 
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Pre-international travel health screenings by clinicians should consider the qual- 
ity of healthcare resources of the destination [29]. As some countries may prohibit 
travel of ill passengers, there is the potential for unplanned extended overseas stays 
in resource-limited settings. Patients with underlying health conditions that are 
more susceptible to respiratory illness may need to consider the role mitigation or 
prevention measures such as testing, masking, and vaccines [30]. 

Additionally, responding healthcare providers should be cognizant that some 
members of the lay public are wary of public health recommendations. For exam- 
ple, when masking was required aboard US airlines, there was a significant increase 
in aggressive episodes by passengers failing to comply [31]. Some countries also 
require temperature checks, health screenings, and vaccination record checks, pro- 
longing the boarding the process and thus potentially adding to the stress of flyers. 
Healthcare providers should consider their safety, and the safety of others aboard, 
when engaging with passengers with potential aggressive behavior. 


Vector and Insect-Borne Diseases on International Flights 


As far back as 1933, it was recognized that air travel posed a risk for insect-borne 
diseases: 


The first sanitary convention for aerial navigation was conducted in 1933 and recognized 
the importance of aviation to the worldwide community. One of the focused concerns was 
control of the yellow fever mosquito vector. Following World War II, the WHO Committee 
on Hygiene and Sanitation in Aviation became activated and published the “Guides to 
Hygiene and Sanitation in Aviation.” The most recent guide is dated 1977 [23]. 


In the last 50 years, insects and other vectors for malaria, dengue, and yellow fever 
have all been identified on aircraft. Further, a condition termed “airport malaria” refers 
to cases of malaria near international airports among people who have not recently 
traveled into endemic areas. In the past 30 years, most European countries, the United 
States, Israel, and Australia have experienced confirmed or probable cases of airport 
malaria. In the last 30 years, the United States has reported four such cases [23]. 

Both the WHO and the Advisory Group for Aerospace Research and Development 
recommend “aircraft disinsection” given evidence that disease vectors, particularly 
mosquitoes, are being imported into countries on aircraft [32]. 


Risk of Deep Venous Thromboembolism 
in International Travelers 


Some members of the traveling public have a genetic tendency for increased clot- 
ting that has been estimated to have a prevalence as high as 20% in the general 
population. Other pre-existing factors such as illness, smoking, and medication may 
represent pre-existing risk factors leading to deep venous thrombosis (DVT) during 
or following traveling [23]. 
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Until recently, reviews of the medical literature failed to find significant epide- 
miological studies that demonstrate a statistically significant increase in DVT as a 
result of traveling by any means in the absence of pre-existing risk factors. In the 
absence of any good prospective published studies, the evidence linking DVT with 
flying is likely circumstantial [33]. 

However, according to Silverman 2008, the relationship between long-haul 
flights (>8 h) and increased risk of DVT has generated great interest in both medical 
publications and the media. Overall, studies show an association between venous 
thromboembolism and long-haul air travel, with risk up to four-fold, depending on 
study methods [34-40]. In their review article in The Lancet in 2008, Silverman 
et al. provided an overview of the mildly increased risk of DVT associated with air 
travel [3]. 

In 2001, the Air Transport Medicine Committee of the Aerospace Medical 
Association recommended that “passengers with no identifiable risk factors carry 
out frequent and regular stretching exercises particularly of the lower limbs dur- 
ing flight. Opportunities should be sought to change position in the seat as well 
as to walk about the cabin. For those with more identifiable risk factors, it is 
recommended that the traveler seek advice from his or her personal physi- 
cian [33]. 

Silverman and colleagues describe risks of venous thromboembolism (VTE), 
consolidating various recommendations in the literature [3]. For example, for low- 
risk passengers on short duration flights, passengers are encouraged to avoid con- 
strictive clothing and dehydration, while also ambulating about the cabin when 
possible; whereas high risk passengers on longer flights are potential candidates for 
low-molecular-weight heparin [3, 34-40]. Generally, there is high risk for VTE only 
in flights of more than 8 h [41] and the risk of VTE usually occurs only in flights of 
more than 4 h [6, 37]. 


Special Medical Equipment Needs for International Flights 


Several resources are available to providers who respond to a medical emergency. 
The Federal Aviation administration (FAA) mandates that United States—based air- 
lines carry first-aid kits that are stocked with basic supplies such as bandages and 
splints [42]. 

These supplies are not comprehensive (e.g., there are no pediatric or obstetrical 
supplies). An Aerospace Medical Association expert panel has recently recom- 
mended an expanded cache [43]. 

Because health professionals are not aboard every flight, most airlines contract 
with ground-based medical consultation services [44, 45]. The clinicians at these 
centers can provide treatment recommendations. On-board volunteer providers can 
also consult these services during an emergency. In demanding situations that 
require more than one provider, a volunteer physician may ask whether other medi- 
cal professionals can assist [38]. The FAA also mandates that flight attendants 
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receive training every other year in cardiopulmonary resuscitation (CPR) and the 
use of AEDs [17, 45, 46]. 


Emergency Medical Kits on International Flights 


The first emergency medical kit was mandated by the FAA in 1986 and was subse- 
quently expanded in 2001 to include an inhaled bronchodilator, oral antihistamines, 
and non-narcotic analgesics [47]. Beginning in 2004, the FAA required all commer- 
cial airlines with at least a 7500-lb payload and one or more flight attendants to 
equip their planes with AEDs [47]. The emergency medical kit is intended for use 
by medically trained professionals responding to an emergency onboard an aircraft 
and includes the items listed in Table 1.1. The medical kits that can be found on 
international airlines are different from those found on US carriers and usually rep- 
resent an expanded version of the US kit. 

According to Kahn et al. [47] and DeJohn et al., [48] several studies have been 
conducted, analyzing the usefulness of the FAA-mandated emergency medical kit: 


A survey of health care professionals who had used the kit to manage emergencies aboard 
aircraft found that whereas 26% thought it was “very useful,” 55% found it only “some- 
what useful,” and 18% believed that the kit was “not of any benefit.” [48] 


A study by De John et al. [48] of 1132 in-flight medical incidents on 5 US 
domestic airlines found that the emergency medical kit was opened 47% of the time 
overall and 65% of the time when a flight was diverted. In addition to the items 
included in the kit, healthcare professionals believed that the following were also 
very helpful a majority of the time when managing medical emergencies: supple- 
mental oxygen, supportive care, and careful patient monitoring [47, 48]. 


Special Areas for Critical Patients on International Flights 


Several airlines provide specialized sections and/or small rooms on-board their 
international flights. Lufthansa has developed a patient-transport compartment 
(PTC) for intensive care on board Lufthansa commercial long-distance aircraft on 
intercontinental routes. The configuration consists of a small enclosed room placed 
in the middle row of wide-body international aircraft. Three rows of seats are 
removed to make room for the PTC. Backup devices are present for all vital medical 
equipment (for monitoring, artificial ventilation, infusions, etc.) in case of failure. 
Thirteen thousand liters of oxygen (gas volume) are carried on the flight. The patient 
is accompanied by one intensive care nurse and one physician [2]. Other airlines 
describe modifications of this concept, allowing a special, isolated space for critical 
patients requiring on-going medical monitoring and care, rather than for providing 
space to treat in-flight medical emergencies; however, if present and unoccupied by 
other patients, these spaces could be used for in-flight emergency patients [2]. 
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Legal Issues 


Liability: An issue of concern to many healthcare professionals when deciding 
whether to volunteer assistance in a medical emergency on board a plane are the 
legal liability issues involved. A physician who provides assistance creates a doc- 
tor—patient relationship, with its attendant obligations and liability risk. Most doc- 
tors are eager to help in an emergency but are concerned that doing so might put 
them at risk; however, there have been numerous “Good Samaritan” laws enacted to 
protect healthcare professionals who respond in emergency situations. In 1998, 
Congress enacted the US Aviation Medical Assistance Act, which outlines protec- 
tion for physicians and airlines who provide emergency medical care for passengers 
on commercial airliners, provided that the physician acts in good faith, receive no 
monetary compensation, provide reasonable care, and does not “grossly neglect” 
the patient or commit “willful misconduct.” An example of such disregard would be 
an intoxicated physician treating a patient [49]. Furthermore, many airlines indem- 
nify volunteering physicians, and the captain should provide written confirmation 
on request [3, 11]. In addition, the insurance policies of many airlines cover health- 
care professionals who provide emergency medical care to passengers or crew while 
on board their aircraft [49]. 

The situation is a bit more complicated for medical professionals traveling on an 
international flight, however, as he or she becomes subject to the laws of the country 
in which the airline is registered. These laws may differ significantly from those of 
the United States. New Zealand, for example, requires that medically qualified per- 
sons respond to a medical emergency, and failure to do so is grounds for legal action 
[49, 50]. 

According to British, Canadian, and US laws, medical professionals are not 
required to volunteer assistance during an in-flight medical event, unless they have 
a pre-existing clinical relationship with the passenger. In contrast, physicians in 
Australia and many Asian, European, and Middle Eastern countries are required to 
provide assistance [44]. For international flights, the country where the aircraft is 
registered has jurisdiction, except when the aircraft is on the ground or in sovereign 
airspace [11, 44]. Medical assistance during an in-flight medical event is typically 
protected under Good Samaritan laws [3, 8, 51]. 

Documentation: According to the recommendations made by the International 
Air Transport Association (IATA), in-flight medical emergencies should be docu- 
mented properly for a variety of reasons [45]. A recent study reported preliminary 
evidence that the documentation of in-flight medical emergencies is not as consis- 
tent as one would expect. Of the 32 European airlines that were asked to contribute 
data on in-flight medical emergencies, only four airlines were able to potentially 
provide the necessary data [14]. 

After the event, the provider should document the care that was provided and the 
treatment that was delivered and should use airline specific documentation as 
required [45]. Providers should be mindful of the patient’s privacy rights and should 
not discuss the patient’s care with third parties (e.g., media) without appropriate 
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authorization from the patient [52]. The captain of the aircraft and the flight crew 
should receive appropriate medical information to support correct medical manage- 
ment and allow for appropriate flight diversion. The airline itself is not obligated to 
follow federal regulations regarding healthcare privacy because it is not a consid- 
ered to be a covered entity [17, 50]. 

In general, there is a large variation in the documentation of in-flight medical 
emergencies between airlines, and a higher degree of standardization is preferable 
for medical care, for research and to meet the IATA recommendations [50]. 


Other Considerations of International Flight 


The recent war in Ukraine also draws attention to how conflicts can cause disrup- 
tions in international flights. Such tensions may result in cancelled or re-directed 
flights, adding to stresses associated with flying. Residents of war-torn nations, with 
disrupted healthcare systems at home, may also be at risk for in-flight medical 
issues due to exacerbations of unmet chronic health needs [53]. 


Future Recommendations 


Registries of inflight emergencies: The lack of an international registry with valid 
data and sound denominator data impedes quality research in this area. To date, 
neither a national nor a European/international standardized registry on in-flight 
medical emergencies exist. Presently, only company registers of specific airlines are 
available toward this end [10]. The lack of a central registry makes it difficult to 
conduct research as to the true incidence of in-flight events [10, 14]. The informa- 
tion gained from epidemiologic studies of in-flight medical emergencies is of ben- 
efit to the airlines, aerospace medical researchers, and the traveling public [5, 
54, 55]. 

Training of airline personnel: In-flight medical emergencies occur frequently, 
and available evidence suggests there is significant room to improve and standardize 
the care that is provided to patients during in-flight medical emergencies. 

The US Federal Aviation Administration (FAA) mandates that flight attendants 
receive training “to include performance drills, in the proper use of AEDs and in 
CPR [cardiopulmonary resuscitation] at least once every 24 months.” [56, 57] 
However, the FAA “does not require a standard curriculum or standard testing.” 
[56, 57] 

Many airlines also contract with a commercial on-ground support company that 
can, in theory, offer radioed, real-time medical advice. To improve the chances that 
passengers who become ill during air travel will do well, airlines and their regula- 
tors could take steps similar to what they have done to ensure flight safety for all 
flights under FAA jurisdiction [56-58]. 
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Other improvements for the future: The following suggestions are made from 


multiple studies examining long-haul inflight emergencies: 


. A standardized recording system for all in-flight medical emergencies should be 


adopted, with mandatory reporting of each incident to the National Transportation 

Safety Board, the organization responsible for reviewing safety events and rec- 

ommending changes to practice. 

(a) A survey of European airlines identified 10 000 in-flight medical emergen- 
cies during a 5-year period [13]. The study noted that each airline had its 
own reporting system and protocol. 


. The optimal content of first aid kits on airplanes should be determined, with a 


mandate that a standard kit, with identical elements, in identical locations, be on 

every flight [13]. 

(a) Even though emergency medical kits are mandated to contain certain medi- 
cations and equipment, the actual kits vary from airline to airline [56, 57]. 


. The training of flight attendants in how to deal with medical emergencies should 


be enhanced and standardized. 

(a) The US Federal Aviation Administration (FAA) mandates that flight atten- 
dants receive training “to include performance drills, in the proper use of 
AEDs] and in CPR [cardiopulmonary resuscitation] at least once every 
24 months.” [56, 57] However, the FAA “does not require a standard curricu- 
lum or standard testing.” [56, 57] 


. Access of flight crews to ground-to-air medical support should be standardized. 


(a) Many airlines also contract with a commercial on-ground support company 
that can, in theory, offer radioed, real-time medical advice [58]. 
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Introduction 


Cardiovascular symptoms represent the most frequent in-flight medical emergen- 
cies (IMEs) but cardiovascular diseases lead to the overwhelming majority of diver- 
sions. A 2018 review reported cumulative data of 49,100 cases from 14 studies. 
Syncope/near-syncope was the most common IME (32.7%). Cardiac arrest fre- 
quency was 0.7% and other cardiovascular issues 7% [1]. These relative frequencies 
are similar to those reported in other studies [2, 3]. In addition to their frequency, an 
acute presentation of cardiac disease may result in a poor outcome, with some situ- 
ations requiring time critical emergency treatment [4]. This chapter provides epide- 
miological information, an approach to risk stratification of patients when 
considering the need to divert the aircraft, and a suggested guide on how to handle 
in-flight cardiac emergencies including cardiac arrest, acute myocardial infarction, 
syncope, and decompensated congestive heart failure. 


Cardiac Arrest 


In-flight cardiac arrest occupies a very specific place among IMEs since it requires 
specific skills and the ability to perform cardiopulmonary resuscitation (CPR) in a 
very unaccommodating environment; it also represents a very significant challenge 
for those with little or no practical experience of such situations—this situation 
would also challenge the seasoned clinician. This condition is fortunately quite rare, 
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representing an estimated 0.3-0.7% of in-flight emergencies, but responsible for 
86% of in-flight events resulting in death [3]. A recent study of patients with an out 
of hospital cardiac arrest (OHCA) travelling through or into Seattle-Tacoma 
International Airport from 2004 to 2019 showed a survival to hospital discharge rate 
of 44% in patients with an off-plane OHCA as opposed to 15% in on-plane OHCA 
[5]. This is, however, significantly better than the national rate of 9% reported for 
the United States in 2015. The rate of survival to hospital discharge after cardiac 
arrest on commercial aircraft improved dramatically after the introduction of on 
board automated external defibrillators (AEDs). The best outcome being seen in 
patients presenting with a witnessed collapse, ventricular fibrillation (VF) as the 
primary rhythm and early access to an AED [6, 7]. Programs combining the instal- 
lation of on-board AED devices with training of the cabin crew in extrication of 
unconscious passengers from their seat onto the cabin floor to allow for the provi- 
sion of effective have also been demonstrated to have a positive impact on sur- 
vival [6, 7]. 

The aircraft cabin presents a challenging environment for resuscitation. It is very 
confined with limited ability to move around the patient and perform appropriate 
interventions. Even if a second CPR-capable healthcare professional is available, a 
compression-only approach may be more appropriate depending on the space that 
can be accessed [4, 8]. Diversion should be promptly considered, and the aircraft 
captain informed and updated throughout the resuscitation attempt. Potential rea- 
sons for non-diversion include the following: diversion is not feasible (e.g., while 
the aircraft is crossing the ocean); when the aircraft is close to its scheduled destina- 
tion; where diversion may compromise the safety of the flight; or where diversion 
does not offer any advantage to the patient’s management as compared to continu- 
ing on the scheduled route. 

A proposed guide for the management of in-flight cardiac arrest would be: 


1. Recognize cardiac arrest. 

2. Call for additional help immediately. 

3. Start CPR—ideally as two-person CPR if space allows—and as per current 
ILCOR guidelines. 

4. Request for an AED to be brought urgently to patient. 

5. Request for extrication of the patient from his/her seat to the nearest available 
space by the crew. The optimum location for CPR, if it can be reached, is the 
galley or a door bay [9]. 

6. Expose the patient’s chest. 

7. If an AED is available, apply pads and connect to the device; perform an AED 
rhythm analysis and shock if applicable, then restart CPR for 2 min before per- 
forming the next rhythm analysis. Repeat shocks if a shockable rhythm persists 
and continue management as per current ILCOR guidelines. 

8. Ifan AED not available or the rhythm is non-shockable, continue CPR and ongo- 
ing management as per current ILCOR guidelines. 

9. Depending on the aircraft configuration and patient location compression only 
CPR may offer the best balance of practicality and efficacy [10, 11]. However, 
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conventional two-person CPR with chest compressions and bag-valve mask ven- 
tilation is still considered the gold standard if achievable [9]. 


If return of spontaneous circulation (ROSC) is achieved, post-resuscitation 
measures remain basic. While not evidence-based, administering oxygen is one 
of the few available supportive measures that might be of benefit and the maxi- 
mum available should be administered unless a pulse oximeter is available. If 
SpO, can be measured, then oxygen should only be administered if levels are 
<94%. Essentially, the role of the medical volunteer will be to monitor the patient 
until appropriate ground-based resources can take over the patient’s management 
[12]. In these circumstances, a diversion to the nearest appropriate location is 
mandatory unless it is not safe to do so. The patient’s condition must be deemed 
potentially or actually critical and the medical volunteer will need to advise the 
aircraft captain immediately of the patient's ongoing requirements. 
Communication should also be established with ground ambulance services to 
ensure an appropriate medical response to meet the aircraft. The AED should 
remain connected and available for the immediate treatment of any further life- 
threatening arrhythmias. 

There are limited options for the provision of more advanced cardiac life support 
measures. Aircraft Emergency Medical Kits generally have limited contents. The 
Aerospace Medical Association recommends that such kits contain 1:1000 and 1:10 
000 epinephrine vials, allowing for administration by medical volunteers clinically 
capable of such a measure [13]. In the case of shock resistant or non-shockable 
rhythms, the insertion of an IV line and administration of epinephrine as per ILCOR 
guidelines can be considered. 

Where resuscitation efforts are unsuccessful, particularly in the presence of a 
non-shockable rhythm, it is reasonable to consider ceasing all efforts after 
20-30 min. The very poor anticipated outcome, even with appropriate basic resus- 
citation measures, in this austere environment, makes the prolonged continuation of 
efforts futile if the patient does not respond quickly to such measures. In the circum- 
stance of shock-resistant/refractory VF/VT cardiac arrest, with the AED continuing 
to deliver shocks, resuscitation efforts should be continued until the ground-based 
resources can take over care of the patient, assuming that diversion and an emer- 
gency landing is possible within a relatively short period of time; in this situation, if 
emergency landing cannot occur rapidly due to reasons beyond the control of the 
medical personnel, and the patient remains in cardiac arrest with a shockable 
rhythm, prolonged resuscitation is unlikely to result in a good outcome—thus, start 
to consider whether resuscitation efforts should be ceased after approximately 
30 min of resuscitation [14]. Clearly each case must be considered on the basis of 
its individual presentation and clinical circumstances. 

Only a physician has the authority to pronounce death aboard an aircraft. In this 
case, the captain may reasonably challenge the value of diverting since there is no 
longer any therapeutic benefit in doing so although the emotional impact on any 
relatives or other travelling companions present as well as that on other passengers 
will need to be factored into this decision. 
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Acute Coronary Syndrome 


Based on the findings of the previously cited study, “cardiovascular symptoms” 
represent ~7% of IMEs [1]. While chest pain is a common presentation of an acute 
coronary syndrome, other symptoms such as syncope or near-syncope (32.7% of 
IMEs), “respiratory symptoms” (10.1%), and cardiac arrest (0.7%) may be related 
to underlying coronary artery disease and an acute coronary syndrome. In 2018, 
Lufthansa became the first airline to equip its long-haul aircraft with a mobile ECG 
system that can transmit a 12 channel ECG to a ground-based telemedicine service 
[15]. This allows for better decision-making in regard to the need for a diversion in 
a patient presenting with an actual or suspected coronary artery syndrome. However, 
this is currently not the case in the majority of airlines and without access to an ECG 
the potential for an underlying acute myocardial infarction (AMI) can only be con- 
sidered based on the patient’s history and a brief, focused physical examination. 

The medical challenge here is in determining the probability, severity, and nature 
of an acute coronary syndrome and the potential need for urgent reperfusion, with- 
out the help of an ECG or cardiac biomarkers. Few scoring systems have been 
developed and assessed within these particular constraints and we recommend a 
basic, qualitative approach. Identified predictive factors of an acute coronary syn- 
drome are: older age (greater than 40 years); a history of exertional angina; typical 
angina pain as the primary complaint; hypotension; and acute heart failure [16, 17]. 
Because an exacerbation of a pre-existing medical condition is the cause of the 
majority of IMEs and the large majority of de novo medical presentations are with 
syncope [16], eliciting a past medical history of coronary artery disease must be 
considered as a significant predictor of an acute coronary syndrome. 

Typically, ischemic cardiac pain is characterized by a sensation of squeezing, 
heaviness, pressure, weight, vice-like aching, burning or tightness in the chest with 
radiation to shoulder, neck, jaw, inner arm, or epigastrium (the latter features may 
occur without chest discomfort). The most significant and sensitive physical find- 
ings include pale appearance, diaphoresis, and anxiety [17]. 

Therapeutic measures are limited in-flight. In the absence of active, clinically 
significant bleeding or true allergic reaction, aspirin (160-324 mg) is recommended 
in adult patients who are suspected of having an acute coronary syndrome [18]. 
There is no indication for P2Y12 inhibitors or anticoagulation, without formal 
investigations to confirm the diagnosis, since the risk/benefit balance is uncertain, 
and the patient will be exposed to an increased risk of hemorrhage in a relatively 
uncontrolled environment. Furthermore, it is unlikely that these agents will be avail- 
able. The Aerospace Medical Association recommends that emergency medical kits 
should contain nitroglycerin tablets or spray and major analgesics for oral or inject- 
able use as well as an oral beta blocker [13]. The risks vs benefits of using these 
agents must be considered when treating a patient with limited diagnostic capability 
and the potential for significant adverse events. Complications such as hypotension 
may, for example, be harmful in cases of inferior AMI with right ventricular involve- 
ment. Their use without the ability to more fully assess and monitor the patient 
should be done so with caution. 
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Commercial airlines are usually pressurized from 6000 ft ASL to the regulatory 
maximum equivalent altitude of 8000 ft ASL [19]. This creates a relatively hypoxic 
cabin environment. While not evidence-based, oxygen is one of the few available 
supportive measures that might be of benefit and the maximum available should be 
administered unless a pulse oximeter is available. If SpO, can be measured, then 
oxygen should only be administered if levels are <94%. In cases where an acute 
coronary syndrome is strongly suspected, the pre-emptive application of AED pads 
ready for the potential development of ventricular fibrillation would be prudent. 
Similarly establishing intravenous access may allow for the administration of a 
major analgesic and for fluid therapy in the context of hypotension. 

The question of diversion must be addressed in the patient with chest pain or 
other complaint, suggestive of acute coronary syndrome. In cases of likely acute 
coronary syndrome, in an ill-appearing patient or in patients presenting with unsta- 
ble clinical features, the captain should be advised immediately of their clinical 
status and ongoing treatment requirements. One of the most important consider- 
ations is to form a judgment of whether the patient is likely to require reperfusion 
and if so, what can be done to achieve this in the shortest, but also safest, timeframe. 

Conversely, for a stable patient who is considered at low risk for an acute coro- 
nary syndrome, it may well be reasonable to continue to the scheduled destination, 
assuming arrival is anticipated within several hours; regardless of destination 
arrangements should be made with local medical services for immediate patient 
transfer to a facility capable of evaluation and treatment upon landing. Between 
these two ends of the spectrum, the patient should be assumed at risk of significant 
deterioration and at potential benefit from early access to further interventions and 
as such diversion should be advised. 


Syncope 


Syncope and near-syncope are the most frequent conditions (up to 52%) occurring 
aboard commercial flights, according to multiple large cohort studies [1, 2, 4, 20]. 
From a pathophysiological perspective, there are many reasons for passengers to 
present with feelings of faintness, near-syncope, or syncope aboard commercial 
airlines, especially during long-haul flights. Because airlines are pressurized to the 
equivalent altitude of 6000-8000 ft ASL this results in a lower partial pressure of 
oxygen within the cabin so that passengers experience a relative hypoxia at cruising 
altitude [18]. Cabin pressurization is achieved by pumping non-humidified air 
through the engines and, despite recirculating this with humidified air from the 
cabin, this results in a relatively dry environment. Along with hypoxia and altered 
humidity other factors may contribute to these symptoms including altered eating 
patterns, consumption of alcohol, the use of sedating or anti-emetic agents, sleep 
deprivation, and fatigue [5]. Each of these individual factors alone could be the 
cause of syncope or near-syncope but the presence of multiple contributing factors 
makes this presentation very common and difficult to unravel the true etiology. 
Apart from these factors more serious medical conditions can present with syncope 
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or near-syncope as the primary presenting feature. These include but are not limited 
to coronary artery syndromes, arrhythmogenic events, pulmonary embolism, gas- 
trointestinal bleeds, cerebrovascular events and complications of pregnancy. 

Despite this the most common pathophysiology that results in such in-flight 
events is orthostatic vasovagal hypotension. This primarily relates to the venous 
pooling that occurs when shifting from a prolonged seated position to standing. 
While more common in people with underlying autonomic instability such as may 
be seen, for example, with diabetes, hypothyroidism, alcoholism, or the use of drugs 
such as beta blockers some otherwise fit and healthy individuals may demonstrate 
an altered tolerance to hypoxia. This can lead to impaired compensation for the 
vasodilatation induced by hypoxia leading to bradycardia and hypotension [21]. 

The sudden and often dramatic onset of this clinical presentation can be impres- 
sive and alarming to both passengers and crew. The medical volunteer needs to 
carefully assess the situation and act immediately when indicated. Initial assess- 
ment should include the evaluation of consciousness, pulse, and blood pressure; if 
still unconscious or with an altered level of consciousness the patient should be 
placed supine on the floor of the cabin and the legs elevated. Oxygen should be 
administered until the patient has recovered or if a pulse oximeter is available SpO,s 
are >94%. Call for an AED to be made available in case of deterioration. While the 
device may not be universally present in the cabin emergency medical kit, where 
possible the blood glucose level should be checked with a glucometer [4] and any 
demonstrated hypoglycemia corrected, using available resources, and considering 
the patient’s mental status and ability (or inability) to safely take oral 
carbohydrate. 

For patients with persistent hypotension despite the above measures, an intrave- 
nous (IV) line insertion and normal saline fluid loading is potentially indicated. For 
patients with persistent bradycardia, the administration of IV atropine may be con- 
sidered by medical personnel familiar with its use; the risk: benefit ratio must be 
considered in each case, with clinical features such as extreme bradycardia or pro- 
longed pauses favoring carefully titrated administration [22]. 

Simple orthostatic vasovagal syncope is typically characterized by any associ- 
ated loss of consciousness lasting less than a minute and any post syncopal confu- 
sion lasting less than 30 s. In the case of rapid resolution of symptoms in a previously 
healthy person, it is reasonable to advise against diversion and continue to the 
flight’s scheduled destination, assuming that the patient has returned to their base- 
line health status, is symptom-free, has no high-risk pre-existing conditions, and is 
assessed to be at low risk of developing any new medical problems. The identifica- 
tion of a non-serious trigger factor for the event is also very reassuring. Regardless 
of cause, it is prudent to advise the patient to seek a medical review upon arrival. 

Conversely, persistent symptoms, significant pre-existing medical conditions, or 
the presence of high-risk features are independent arguments in favor of a recom- 
mendation to divert and a request for ground-based medical resources to be present 
on landing. Such high-risk features include chest pain, breathlessness, abdominal 
pain, palpitations, severe headache, any neurological signs, convulsive activity, 
pregnancy, and evidence of abnormal bleeding. 
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Some patients will have apparent convulsive activity due to the transient hypoxia. 
It can be difficult to differentiate this from a true seizure. High-risk features for a 
seizure event include tonic clonic movements that lasted more than 15 s, the onset 
of such movements at the exact same time as the loss of consciousness, evidence of 
chewing or lip smacking, biting of the tongue, post syncopal confusion lasting 
greater than 30 s, incontinence, a history of aura prior to the event and a history of 
known seizure disorder. 

Finally, remember to always evaluate the patient for any trauma that may have 
been sustained during the event. 


Congestive Heart Failure 


Congestive cardiac failure can present with primarily cardiac or respiratory sympto- 
mology. The manner in which in-flight epidemiological data is collected limits our 
capacity to know the true incidence of this condition as an IME. Respiratory symp- 
toms represent around 10% of IMEs [1, 2]. A proportion of these will be related to 
acute cardiac failure as opposed to a primary respiratory pathology. 

Correctly diagnosing acute decompensated heart failure is a clinical challenge 
for physicians regardless of setting [23], and this is even more difficult aboard an 
aircraft with, in particular, chest auscultation being impaired by the noise of the 
engines. A history of previous heart failure has the best predictive value in the diag- 
nosis. Symptoms of worsening fluid retention or decreasing exercise tolerance 
related to increasing left or right ventricular filling pressures are often present. 
Potential precipitants such as ischemia, medication non-compliance, dietary indis- 
cretions, arrhythmias, and hypertension are other potential features favoring the 
diagnosis. Of particular note, pulmonary hypoxemia and alcohol intake may have a 
role in the development of acute congestive cardiac failure [23]. It is essential to 
inquire about the presence of chest pain and other features of acute coronary syn- 
dromes given that acute cardiac failure may be the primary mode of presentation 
for these. 

The principal measure is the administration of supplemental oxygen. Oxygen 
should be administered until the patient has recovered or if a pulse oximeter is 
available SpO.s are >94%. Call for an AED to be made available in case of dete- 
rioration. The patient should remain in a sitting position. There are limited 
options for the provision of more advanced measures. The Aerospace Medical 
Association recommends that emergency medical kits contain nitroglycerin tab- 
lets or spray and an injectable diuretic allowing for administration by medical 
volunteers clinically familiar with the use of these agents [13]. Nitroglycerin 
tablets can help by lowering afterload, and thus left-sided filling pressures, and 
may be administered, especially in the presence of systemic hypertension 
(although contraindicated if systolic blood pressure is less than 100 mmHg). 
Although not supported by randomized trials a diuretic such as frusemide can 
provide rapid relief of symptoms in patients with clinical features of pulmonary 
edema, when available [23]. 
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Diversion for access to ground-based medical interventions should be advised in 
all but minor exacerbations that respond rapidly to treatment with a full return to the 
patient’s optimum baseline status. and a relatively short, anticipated time to sched- 
uled landing. 

Patients with heart failure are very susceptible to the changes induced by the 
high-altitude environment of an aircraft cabin. The relative hypoxia, as compared to 
sea level, induces pulmonary vasoconstriction and increased pulmonary hyperten- 
sion, increases heart rate and stroke volume, and alters respiratory dynamics. The 
best strategy for these individuals is the optimization of their treatment at least 
4—6 weeks before they embark on a flight. Stable, well-managed patients with 
NYHA Class I to II disease are generally safe to travel. Patients with NYHA Class 
III disease may require consideration for supplemental oxygen for travel and Class 
IV disease should be considered a contraindication [24]. 


Summary 


In-flight treatment options for cardiac emergencies are limited. The key to manage- 
ment is rapid recognition and early initiation of the options that are available. It is 
essential to consider the broader differential diagnosis as cardiovascular symptoms 
and signs can be indicative of many different, including non-cardiac pathologies. 
An integral component to the management of these patients is to immediately start 
considering whether a diversion is required. From a medical perspective this will 
depend on your evaluation of the patient’s overall clinical status, their initial 
response to treatment, their anticipated ongoing treatment requirements including 
the necessity for time critical interventions such as cardiac reperfusion and the 
potential for further deterioration. From an operational perspective this will depend 
on your current location and flight plan, the availability of alternate landing sites, 
the time to your current destination as well as geographic and weather constraints. 
The available medical resources at any destination also need to be considered. The 
final decision in relation to a diversion rest with the captain so it is essential that you 
maintain effective communication with the cockpit throughout your evaluation and 
management of the patient. Some airlines utilize ground-based telemedicine ser- 
vices to assist in making the final decision in this regard—in this case their decision- 
making is only as good as the handover you provide and so again it is essential that 
you engage with them in a communicative, collaborative, and collegiate manner. 
Finally remember that optimizing the treatment of cardiac emergencies in this envi- 
ronment requires sound critical thinking skills—ensure that you are continually 
observing, gathering, synthesizing, and critically evaluating the information at hand. 
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Kami M. Hu 


Introduction and Epidemiology 


Respiratory illnesses are some of the most common in-flight complaints, accounting 
for up to 14% [1-3] of the medical emergencies that occur on commercial flights. 
Spontaneous or de novo respiratory emergencies can and do occur, but in-flight 
respiratory complaints are more often due to exacerbations of existing pulmonary 
disease, including chronic obstructive pulmonary disease (COPD) and pulmonary 
hypertension. In 2020, there were 30.8 million active smokers in the United States 
[4], while estimates of global COPD prevalence generally fall within 10-12% of the 
adult population. Anywhere from 18 to 44% of air travelers carry a diagnosis of 
COPD, and approximately 25% of flyers with COPD experience symptoms of 
hypoxia in-flight [5]. As the obesity crisis continues, conditions that predispose to 
the development of secondary pulmonary hypertension, such as obstructive sleep 
apnea and obesity hypoventilation syndrome, are on the rise [6]. The aging of the 
US population also contributes to a higher number of patients with a diagnosis of 
either primary or secondary pulmonary hypertension, patients who also develop 
symptomatic hypoxia in the air [7]. A wide range of patients are at risk of decom- 
pensation at altitude including those with cystic lung disease, those who have had 
recent thoracic surgery or trauma, and even those with primary cardiac disease pre- 
senting as respiratory distress. Healthcare providers responding to these in-flight 
complaints should be familiar with altitude-related physiologic changes that may 
play a role in the patient’s presentation, as well as the management options available 
to them in the air. 
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The Physiology of Flying 


Simply being on a commercial flight results in relative hypoxemia and can cause 
physiologic stress to the patient with or without chronic respiratory illness. Standard 
cruising altitudes for most modern commercial aircraft are anywhere from 22,000 
to 48,000 [8], and while the Federal Aviation Administration (FAA) mandates that 
the aircraft cabin be pressurized to no higher than 8,000 feet, pressures consistent 
with higher altitudes have been documented in up to 10% of flights [9]. At these 
higher altitudes, the atmospheric pressure and the partial pressures of oxygen are 
lower, resulting in relative hypoxemia in even the healthiest flying patient, with an 
arterial oxygen partial pressure (PaO) of approximately 60 mm of mercury 
(mmHg), as opposed to 100 mmHg at sea level. 

This concept is explained by Dalton’s law of partial pressures, which states that 
the total pressure of a gas—in this instance, atmospheric pressure (Patm)—is equiv- 
alent to the sum of the partial pressures of all the gases that comprise it. Atmospheric 
pressure at sea level is 760 mmHg, but at higher altitudes the atmospheric pressure 
is lower, as less of the atmosphere is above to “weigh it down.” The atmospheric 
pressure at an altitude of 40,000 feet is 140 mmHg, but by pressurizing the cabin, 
the atmospheric pressure is brought up to approximately 590 mmHg. As the atmo- 
spheric pressure decreases, so do the individual partial pressures of each gas. So 
while the percentage of oxygen in the air remains a stable 21 percent, the partial 
pressure of oxygen—both in the cabin and in patient circulation—is lower at cruis- 
ing altitude than at sea level. Another way to understand the decrease in inspired 
oxygen is to look at the equation for inspired oxygen tension (PiO,): 


PiO, = FiO, x(Patm—PH,O) 


As the plane ascends and atmospheric pressure decreases, PiO,, and therefore the 
alveolar partial pressure of oxygen (PAO,) will also decrease, resulting in a 
decreased gradient from alveoli to the arterial circulation, and a decreased PaO). 

This hypobaric hypoxic state is usually well tolerated by healthy travelers, as 
they remain on the normoxic area of the oxygen-dissociation curve (Fig. 7.1). 
Patients who start with a lower PaO, at sea level, however, end lower on the curve 
making it harder for the oxygen to dissociate from hemoglobin in order to be avail- 
able for use by the tissues, and leading to symptoms indicative of a hypoxemic state. 

The increase in altitude has the additional effect of gas expansion, which can 
cause pneumothorax, pneumomediastinum, or systemic air embolism secondary to 
cyst or bleb rupture, or can worsen existing pneumothoraces. This gas expansion is 
explained by Boyle’s law, which states that in a closed system (for instance, the 
airplane or a cystic lung lesion) at a constant temperature, the volume of a gas is 
inversely proportional to its pressure. As the gas pressure decreases at cruising alti- 
tude, there is a resultant 25-30% gas expansion within enclosed spaces [10]. This 
expansion affects not only bullae in the lungs but all closed systems on the aircraft, 
including the sinuses, gastrointestinal tract, and medical devices, such as feeding 
tube and urinary catheter balloons. 
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Fig 7.1 Effects of cabin altitude on oxyhemoglobin saturation in healthy travelers (left) and 
patients with hypoxia at sea level (right). From Silverman D, Gendreau M. Medical issues associ- 
ated with commercial flights. Lancet. 2009;373(9680): 2067-77, with permission 


Preparing for Air Travel 


The truth of the matter is that the best way to manage hypoxic events in-flight is to 
prevent them with proper preflight preparation. Patients with chronic lung diseases 
should be evaluated by their primary physician and/or pulmonologist to determine 
their fitness for air travel, but there is no high-quality data to guide physicians 
regarding which patients require a formal respiratory evaluation prior to flight. The 
most widely published guidelines, those from the British Thoracic Society (BTS) 
[11], recommend preflight respiratory screening in a specific subset of patients (see 
Table 7.1) although leaves the option open to anyone whose “whose condition is of 
concern to their physician.” 

Historically, three main methods have been described to predict fitness to fly and 
the need for in-flight oxygen: equations utilizing sea-level measurements of pulmo- 
nary function, exercise testing, and hypoxia challenge testing (HCT). HCT encom- 
passes both hypoxia altitude simulation testing (HAST) and hypobaric chamber 
testing. HAST, which is sometimes also called hypoxia inhalation testing (HIT) or 
normobaric hypoxia testing, simulates the hypoxic environment of cruising altitude 
by having patients breathe a mixed gas with a fraction of inspired oxygen (FiO2) of 
only 15%. Hypobaric chamber testing most accurately simulates the in-flight envi- 
ronment and is considered to be the current gold standard assessment for predicting 
supplemental oxygen need in-flight [12-14], but is effort-intensive with limited 
availability. During formal HCT testing, peripheral oxygen saturation (SpO,) and 
PaO), are obtained in the simulated flight environment. In patients without usual 
need for supplemental oxygen, a PaO, <50 mmHg or SpO, <85% on HCT is an 
indication for 2 L per minute of oxygen during air travel [11, 15]. Predictive equa- 
tions incorporate various measurements made at sea level, such as the forced expira- 
tory volume in one second (FEV 1), forced vital capacity (FVC), diffusion capacity 
(DLCO), SpO,, and PaOs, to estimate a predicted PaO, at altitude. Several of these 
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Table 7.1 Patients who should undergo preflight respiratory screening (Adapted from the 2022 
British Thoracic Society Clinical Statement on air travel for passengers with respiratory disease.) 
Patients with potential for decompensation 
e Severe (FEV1 <50% predicted) or poorly controlled COPD. 
e Symptomatic restrictive disease. 
¢ Known respiratory muscle weakness with exercise limitation. 
e Pulmonary hypertension. 
¢ Comorbid conditions which may be worsened by hypoxemia (cerebrovascular or cardiac 
disease). 
e Requirement for noninvasive positive pressure support. 
¢ Active cancer with lung involvement. 
e Existing supplemental oxygen requirement. 
¢ Patients at risk for pneumothorax (cystic lung disease) or with trapped lung and chronic 
air space. 
e Patients with increased risk of VTE. 
Patients with recent acute respiratory illness (within past 6 weeks) 
e Inpatient admission for flare of chronic respiratory condition. 
e Pneumothorax. 
e Pulmonary embolism. 
Patients with history of experiencing significant symptoms during air travel 


FEV] Forced expiratory volume in 1| s 
COPD Chronic obstructive pulmonary disease 


measures, namely FEV! and DLCO, do seem to correlate with hypobaric oxygen 
levels [16], but there has not yet been any validation of an equation including them. 
While undoubtedly less involved than HCT, existing predictive equations are inac- 
curate with poor reproducibility and are not recommended [16, 17]. Similarly, 
although the simplicity of exercise testing is attractive, there is no data to support 
the use of either the six-minute (6MWT) or 50-m walk test (SOMWT) alone to rule 
out a need for supplemental oxygen. In fact, one study found that an inability to 
walk 330 m, rather than 50, was the functional finding that correlated to hypoxic 
results on HCT [16]. Poor performance on exercise testing is likely to indicate a 
need for supplemental oxygen in the air, but a lack of hypoxia during these tests 
cannot completely rule out the risk of hypoxia at altitude. 

How then, should physicians determine whom to refer for official hypoxic 
challenge testing? Focusing most on the evaluation of patients with chronic 
obstructive lung diseases, as these are by far the most prevalent worldwide [18], 
there are no data to support one single approach in any respiratory disease. Edvardsen 
et al. found that in patients with COPD, a resting SpO, <92% [at sea level] was 
highly predictive of desaturation on HAST, and that in those with resting SpO, 
>92%, desaturation to <84% on 6MWT was a predictive factor, even in patients 
without resting hypoxia [19]. This led to a recommendation that all patients with 
COPD and resting sea-level SpO, <92% receive supplemental oxygen without 
further testing, while those >92% undergo 6MWT. Patients with resting SpO,>95% 
and 6MWT SpO, >84% are cleared to travel without supplemental oxygen, while 
those with 6MWT SpO, <84% should undergo HAST testing to further determine 
need for in-flight oxygen [19]. 
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Table 7.2 Medical Research Council Dyspnea Scale [20] 


Score Symptoms 
0 Dyspnea only with strenuous exercise. 
1 Dyspnea when hurrying on level ground or walking up slight hill. 
2) Walks slower than others of same age on level ground or 
has to stop for breath when walking at own pace. 
3 Stops for breath after walking on level ground 
for a few minutes or 100 yards. 
4 Dyspnea with dressing or undressing 


or too dyspneic to leave the house. 


The 2022 BTS Clinical Statement was updated to include consideration of the 
Medical Research Council (MRC) Dyspnea Score [20] (Table 7.2) and the patient’s 
underlying risk of developing worsening hypercapnia in the recommended preflight 
evaluation of patients with chronic obstructive disease [11]. In fact, patients with 
any lung disease deemed to require in-flight oxygen therapy are recommended to 
proceed with HCT to determine optimal oxygen therapy if at risk for hypercapnia. 
Based on the BTS algorithm, patients already on long-term oxygen therapy (LTOT) 
at baseline are recommended to receive additional oxygen above their baseline ther- 
apy while in flight or to proceed with HCT if at risk [of worsened hypercapnia]. 
Patients with resting SpO, <95% are recommended automatically for supplemental 
oxygen or HCT if at risk. Patients with an MRC score of 3 or greater should proceed 
with 6MWT, with those whose SpO, falls below 84% receiving supplemental oxy- 
gen or proceeding to HCT. Patients with a resting SpO, >95% and MRC dyspnea 
score of 2 or less are deemed safe for travel without supplemental oxygen. The BTS 
algorithm is provided in Fig. 7.2 [11]. Of note, there is small-study data to indicate 
that while asthmatic patients with an FEV1 >85% and a baseline SpO, >95% do not 
require HCT testing, baseline SpO, >95% does not rule out a need for in-flight oxy- 
gen in severe asthmatics, and therefore all severe asthmatics should undergo HCT 
prior to air travel [21]. 

It is important for patients who are already dependent on LTOT to know that the 
FAA does not allow patients to fly with their own oxygen tanks, but some airlines 
will provide oxygen to travelers with prior notification (how far in advance depends 
upon the airline) and an additional fee. The number of these airlines has, however, 
decreased; most domestic US airlines no longer provide oxygen beyond emergency 
situations, choosing to recommend portable oxygen concentrators (POCs) instead. 
All airlines with flights originating or ending in the United States are required to 
allow the use of a POC although it must be one of the FAA-approved machines 
(Table 7.3) [22]. The BTS clinical statement recommends an increase of 2 L per 
minute (LPM) for most patients already on LTOT at sea level, with a doubling of 
flow rate for patients with PH requiring LTOT [11], but these patients may also 
undergo HCT to determine what their true in-flight requirement will be. The maxi- 
mum oxygen deliverable by most POCs varies from 3 to 6 LPM depending on the 
manufacturer; formal HCT may help determine flow rates required and guide POC 
selection for patients with LTOT requirements greater than 2 LPM at sea level. 
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Fig 7.2 Algorithm for preflight evaluation of oxygen need in patients with chronic obstructive 
lung disease. (Adapted from the 2022 British Thoracic Society Clinical Statement on air travel for 


passengers with respiratory disease.) [11] 


Table 7.3 Portable oxygen concentrators approved by the Federal Aviation Administration for 


Use In-Flight [22] 


Company 
AirSep 
(Caire) SeQual 


Delphi Medical Systems 

DeVilbiss Healthcare 

Inogen 

Inova Labs / International Biophysics 
Invacare 

Oxylife 

Precision Medical 

Respironics 

VBox 


Model(s) 

Focus, FreeStyle, FreeStyle 5, LifeStyle 
eQuinox, Oxywell (Model 4000), Eclipse, 
SAROS 

RS-00400/Oxus RS-00400 

1Go (306DS) 

One, One G2, One G3 

LifeChoice, LifeChoice Activox 
XPO,/XPO100, Solo2 (TPOC) 
Independence 

EasyPulse (PM4150) 

EverGo, SimplyGo (E2) 

Trooper 


Preflight Recommendations by Disease Process 


General rules of thumb for patients with lung disease who plan to travel include 
evaluation by their primary doctor/pulmonologist/specialist prior to flight, inclusion 
of medications and therapeutic devices in carry-on luggage with extra supplies 
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(batteries, infusion pumps/tubing, etc.), and advance notification the airline if any 
accommodations are needed. More specific advice varies depending on the illness; 
some recommendations by disease process are included below. 


Obstructive Airway Disease (asthma, COPD) 


For patients with mild to moderately severe asthma, flights rarely cause problems 
other than the minor exacerbation improved with inhaled bronchodilator usage [23]. 
Smoking-related lung disease is, of course, somewhat different from asthma in terms 
of its physical and physiologic effects on the human body. Patients with emphysema 
or COPD may have pre-existing hypoventilation, a lower baseline arterial oxygen 
tension, ventilation-perfusion mismatch, and/or bullae that put them at risk for pneu- 
mothorax at altitude. Despite these points, the frequency of severe adverse events 
reported in this population actually remains fairly low [5, 23]. Patients with severe 
asthma should consult with their pulmonologist and optimize their therapy prior to 
air travel. All patients with obstructive lung disease should keep their pulmonary 
medications, including an emergency steroid, in their carry-on luggage. 


Pneumothorax/Recent Thoracic Surgery 


Current recommendations on how soon to fly after pneumothorax resolution are 
varied. The Aerospace Medical Association (ASMA) [24] refers to the BTS guide- 
lines, which recommend a delay of seven days after full resolution confirmed by 
X-ray [11], while the International Air Transport Association (IATA) recommends a 
delay of 7 days after spontaneous pneumothorax and 14 days after traumatic pneu- 
mothorax resolution prior to flight [25]. Although there is little reliable data to make 
strict guidelines, the general consensus is that patients with active pneumothorax 
without a chest tube and release valve should not fly. Of note, there are case reports 
of patients with chronic, loculated pneumothorax flying without complication [26]. 

Patients with cystic lung diseases have long been thought to be at increased risk 
of in-flight pneumothorax due to the expansion of gases at higher altitudes. With the 
exception of lymphangioleiomyomatosis (LAM), a rare disease-causing cystic lung 
destruction that carries documented increased risk of spontaneous pneumothorax at 
sea level, there is no data to support that concern. Physicians should warn patients 
of the potential risk of pneumothorax prior to air travel, but there are no particular 
precautions to be taken. 


Obstructive Sleep Apnea (OSA) 


The BTS recommends daytime flights whenever possible for patients with OSA 
[11], but patients planning to sleep in flight should bring their continuous positive 
airway pressure (CPAP) machine in their carry-on. Prior to their flight, they should 


70 K. M. Hu 


acquire airline approval to carry the device on board and check with the company 
that manufactured their device to ensure it will work in the low-pressure cabin 
environment. They should also have dry cell batteries, as A/C power is often not 
readily available in the cabin. These patients should also avoid alcohol and seda- 
tives before and during travel, as these can worsen respiratory depression by 
increasing apnea durations and exacerbating air-exchange difficulties while nap- 
ping in-flight [27, 28]. 


Pulmonary Hypertension (PH) 


Hypobaric hypoxia can worsen pulmonary hypertension and potentially cause 
acute right heart failure by inducing pulmonary vasculature vasoconstriction 
[26]. It is generally recommended that patients with PH be evaluated by their 
pulmonologist or pulmonary hypertension specialist prior to flight, with BTS 
guidelines recommending referral for HCT. The 2022 European Society of 
Cardiology and European Respiratory Society (ESC/ERS) guidelines do not 
mention HCT but do recommend in-flight oxygen for patients with persistent 
PaO, <60 mmHg or SpO, <92% [29] and refer to their 2015 recommendation for 
in-flight oxygen in patients with New York Heart Association (NYHA) or World 
Health Organization (WHO) functional class HI or IV symptoms [29, 30]. The 
ESC/ERS recommend increased flow rates for patients with PH on LTOT at sea 
level but do not specify how much; BTS recommends a doubling of flow [11, 29]. 
The Pulmonary Hypertension Association recommends that patients who use 
epoprostenol travel with a small cooler holding extra medicine, including a pre- 
mixed dose, and that patients who use continuous infusion pumps carry an extra 
pump with them [31]. 


Interstitial Lung Disease 


These patients should be evaluated by their pulmonologists prior to air travel to 
evaluate need for HCT, if not already on supplemental oxygen. Additionally, 
they may need to carry antibiotics for use if needed and have an emergency 
steroid or escalated dose regimen available if they are already on chronic steroid 
therapy. 


Respiratory Muscle Weakness 


According to the BTS, all patients with a history of respiratory muscle weakness or 
chest wall disorders and FVC <1 L should undergo HCT and are advised to take 
daytime flights where possible [11]. Many patients with these disorders are on sup- 
portive noninvasive ventilation (NIV), which will require additional advance plan- 
ning with their pulmonologist and the airline. 
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Heart Failure 


Patients with even relatively severe stable heart failure without significant pulmonary 
hypertension generally do well with the mild hypoxia of air travel [32, 33]. The BTS 
recommends HCT in heart failure patients who are hypoxemic at sea level and have 
coexisting lung disease, but states that otherwise, patients in stable NYHA functional 
classes I-III can fly without supplemental oxygen. Patients with NYHA class IV 
symptoms are advised not to fly, but if they must, to fly with supplemental oxygen 
of at least 2 LPM [11]. 


In-Flight Emergency Management 


When a respiratory emergency occurs in-flight, the options for intervention are 
limited. The initial evaluation and management of travelers presenting with 
shortness of breath or an increased work of breathing should follow these 
general steps: 

Check vital signs and administer supplemental oxygen. Portable pulse- 
oximeters are not mandated by the FAA for inclusion in the emergency medical kits 
(EMK) carried on board [34]; however, some airlines carry additional medical sup- 
plies in addition to the basic kit. It is reasonable to have the flight attendant check if 
one is present and/or survey the other passengers via the overhead announcement 
system to see if one is available. A search for pulse-oximeter should not delay 
administration of supplemental oxygen. 

Listen for lung sounds and assess patient for tracheal deviation. The initial 
goal is to discover a tension pneumothorax, if present, as it could be rapidly fatal if 
missed. Unfortunately, auscultation onboard an airplane may be low yield, but, if 
audible, the presence of adventitious lung sounds can guide further manage- 
ment steps. 

Have the pilot descend to lower altitude, if appropriate, and contact ground 
medical consultant, if available. 

Although not required by the FAA, many airlines contract with a local hospital 
or medical consulting team that can be reached at any time. These medical consul- 
tants are usually much more familiar with the physiologic effects of cruising alti- 
tude on the body, the contents of the airline’s emergency medical kit, and options for 
intervention in-flight. They can assist in deciding whether or not the flight should be 
diverted although it should be noted that the final decision regarding diversion rests 
with the captain. 

More specific management of patients with dyspnea will depend, of course, on 
their full clinical picture. Acute respiratory distress with the presence of crackles 
should prompt further evaluation to determine possible etiology: are there signs of 
volume overload? Is the patient severely hypertensive? In patients with mild or even 
slightly moderate symptoms, application of supplemental oxygen, perhaps also 
with a single dose of nitroglycerin, can be enough to temporize them until the flight 
destination is reached. Nitroglycerin is provided in all FAA-mandated EMKs [35] 
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and can be administered for patients with acute decompensated heart failure or 
acute hypertensive pulmonary edema. Some airline emergency kits also carry a 
diuretic, which can be administered if the patient is having moderate to severe 
symptoms. It is important to keep in mind that the patient may not be able to make 
repeated trips to the lavatory, whether due to symptoms or flight turbulence. If 
prompt fluid removal is necessary, a substitute urinal should be provided. Some 
airlines’ medical kits also include an additional medication that can lower blood 
pressure, such as a beta-blocker, the use of which emergency responders can con- 
sider on a case-by-case basis. Routine use of long-acting blood pressure medica- 
tions is not recommended, as there are limited means to raise the blood pressure if 
the effect is too strong. 

Dyspnea with the presence of wheezes should receive bronchodilator by metered 
dose inhaler (MDI); if the patient has a personal inhaler, that inhaler should be used 
preferentially. If the clinical picture does not completely improve or the patient is 
exhibiting moderate to severe respiratory distress, it is reasonable to see if there is 
an MDI spacer on board the flight, as administration of bronchodilator via an MDI 
with spacer is equivalent to administration using a nebulizer [35, 36]. Some pas- 
sengers will carry a nebulizer on board or travel with a smaller portable nebulizer. 
These can be used in-flight although the oxygen flow rates suppliable by the air- 
plane may be limited. Sharing of nebulizers between passengers is not recom- 
mended due to concerns regarding communicable disease. Providers should 
consider intramuscular or subcutaneous epinephrine 1:10,000 (0.3-0.5 mg) for 
patients with severe respiratory distress secondary to asthma. Epinephrine is not 
advised for patients with exacerbations of COPD, who often have concomitant car- 
diac dysfunction as well as much less airway disease reversibility than patients with 
asthma and therefore a smaller benefit. If the EMK contains a corticosteroid, 
whether oral or injectable, administer a single dose. 

If there is concern for dyspnea secondary to allergic reaction, bronchodilator by 
MDI should be administered; intramuscular (IM) epinephrine should be considered 
early and should absolutely be given at the first sign of anaphylaxis (0.2—0.5 mg IM 
or subcutaneously every 5 min as needed). These patients should receive diphen- 
hydramine 10-50 mg IM or intravenously (IV) every 2-3 h although oral diphen- 
hydramine can be given if the patient is not in severe respiratory distress or in danger 
of losing his or her airway, 25-50 mg every 4-6 h as needed (maximum diphenhydr- 
amine dose is 400 mg in a day). Administration of a corticosteroid, if present in the 
kit, may help decrease the occurrence of biphasic anaphylaxis although there is no 
conclusive data to this effect [37]. A patient requiring administration of epinephrine 
for anaphylaxis should prompt aircraft diversion, especially if the dose must be 
repeated. Any allergic reaction that causes real potential for loss of the airway due 
to airway edema should also prompt diversion of the aircraft. 

If diversion is not a possibility (i.e., the aircraft is flying over the ocean) and/or 
airway loss is impending, the responding provider should consider proceeding with 
cricothyrotomy, depending on their specialty and level of training. Rationale for 
earlier initiation of this procedure invokes the consideration that it is easier to 


7 Respiratory Emergencies 73 


perform a task in a relatively controlled setting rather than while the patient is 
crashing and has no other way to breathe. “Quick-cric” kits exist but are not likely 
to be found on-board during a flight; improvization in this setting is key. Cleaning 
of the area should be undertaken with soap and water, isopropyl! alcohol, alcohol- 
based hand sanitizer, or even the highest-proof liquor available. Lidocaine can be 
obtained from the EMK and administered locally prior to incision with scissors, 
pocketknife, or other sharp object sterilized with alcohol and a lighter or match. 
Endotracheal tubes are not provided in the basic EMKs, and improvization with 
plastic straws from water bottles, cut-off syringes without the stoppers, an IV tubing 
drip chamber and spike, and even ballpoint pens (with an internal lumen greater 
than 4 mm) has been documented as successful [38-41] and should be considered. 
Without an endotracheal tube and its connector, connecting the makeshift airway to 
the BVM can be difficult. A method using the nipple from an infant’s bottle has 
been described and is pictured below (Fig. 7.3) [41]. 

If the patient’s dyspnea corresponds with clinical evidence of a [tension] 
pneumothorax, the patient should be immediately placed on supplemental oxygen 
and while descent to lower altitude is requested. Descent will reverse the expansion 
of gas within the pleural cavity to decrease the volume of the pneumothorax and 
strain on the heart. The immediate next step is to perform a needle thoracostomy 
(NT). Classic teaching is that the preferred NT site is the second intercostal space 
in the midclavicular line, most commonly using a standard 14-gauge IV-start nee- 
dle at least 5 cm in length. Several studies have demonstrated however, that many 
patients have a greater chest wall diameter that prevents successful breach of the 
pleural cavity with this method [42, 43]. Of note, the FAA mandates neither 


Fig 7.3. Example of 
improvized airway-BVM 
connector. From Matthews 
A. An Experience of 
Improvised Laryngoscopy. 
Wilderness Environ Med. 
2018;29(3):357-65, with 
permission 
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specific NT devices nor 5-cm 14-gauge needles for inclusion in the aircraft EMKs. 
For these reasons, unless the patient is thin, it is more appropriate to attempt tho- 
racostomy at the fourth or fifth intercostal space in the anterior axillary line using 
the longest available needle available, with larger gauge being a secondary con- 
sideration. The needle should be inserted just above the rib bone to avoid injuring 
the neurovascular bundle that runs along the underside of each separate rib. 
Providers should strongly consider using an IV-start needle if one of the appropri- 
ate length is available, as it can be stabilized with tape against the chest wall, with 
the catheter in the pleural space and the hub connected to a syringe to prevent 
re-accumulation, as a means for repeated decompression if needed. Alternately, 
the catheter can be inserted through a disposable glove (although a sterile glove 
would be more ideal) into the chest wall, and the freely hanging glove over the 
hub can serve as a flap valve. It is important to note that the catheter may kink or 
dislodge at any time—the patient should remain closely monitored, and a contin- 
gency plan is important. 

Whether or not the NT is successful, the responder should take inventory of 
items that could be possibly used to perform more invasive thoracostomy. If the 
NT is not successful and the patient is decompensating, the next immediate step 
is a finger thoracostomy [42, 43]. Additional cleaning of the area should be under- 
taken with available disinfectants as mentioned above and lidocaine should be 
administered subcutaneously for local anesthesia. A scalpel is clearly preferred 
for the procedure, but the scissors from the EMK or another sharp knife or razor, 
sterilized with alcohol and a lighter, if available, may be the only available option. 
As the ribs and intercostal muscle are reached, the closed scissors can be used to 
poke through the muscle (again, just above the rib) and then the index finger used 
to make the full breach. In this manner, a pneumothorax can be diagnostically 
verified and treated simultaneously even if there are no supplies to perform a chest 
tube insertion [44, 45]. It should be noted however, that a makeshift chest tube has 
been successfully fashioned and inserted on a commercial flight using scissors, a 
wire hanger, a urinary catheter, a bottle of water, tape, oxygen tubing, and 
brandy [46]. 

In the case of hypoventilatory respiratory failure, respiratory support can readily 
be offered via use of a bag-valve-mask. An oropharyngeal airway can and should be 
used only if the patient’s gag reflex is not intact. Hypercapnea should be considered 
in passengers presenting with depressed mental status who are at risk for obstructive 
sleep apnea or obesity hypoventilation syndrome and is managed by bagging the 
patient with good mask seal, timed with their respirations, giving additional breaths 
if needed. A slow respiratory rate should evoke the possibility of opiate-induced 
hypoventilation and trigger the administration of naloxone, if available. Naloxone is 
not included in all EMKs, however due to recent pushes by nationwide health 
departments to make it available to all members of the public, it is reasonable to ask 
overhead if any other passengers are carrying it. A list of the FAA-mandated EMK 
contents is provided in Table 7.4. 
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Table 7.4 List of FAA-Mandated Minimal Contents for Emergency Medical Kits (Adapted from 
Advisory Circular (AC) 121-33B, January 2006.) 


Equipment Medications (quantity) 

Sphygmomanometer Analgesic, non-narcotic 325 mg (4) 

Stethoscope Antihistamine 25 mg tablets (4) 

Gloves Antihistamine 50 mg injectable (2 amps) Aspirin 
Oropharyngeal airways 325 mg tablets (4) 

Bag-valve-mask with three masks Atropine 0.5 mg in 5 cc (2 amps) 

CPR masks Bronchodilator (1 metered dose inhaler) Dextrose 
all items above with three sizes: 50%, 50 cc injectable (1 amp) 

pediatric, small adult, large adult Epinephrine 1:1000, 1 cc (2 amps) Epinephrine 
IV administration set: tubing with 2 Y 1:10,000, 2 cc (2 amps) 

connectors Lidocaine 20 mg/cc, 5 cc (2 amps) Nitroglycerin 
Needles (2 each- 18 ga., 20 ga.,22 ga.) 0.4 mg tablets (10) 

Syringes (1-5 cc, 2-10 cc) Nonnarcotic analgesic tablets, 325 mg (4) Normal 
Tourniquet saline, 500 cc 

Alcohol swabs Basic instructions for use of drugs in the kit 
Scissors 

Adhesive tape, 1-inch standard roll 

adhesive 


amp Ampule, cc Cubic centimeter, CPR Cardiopulmonary resuscitation 
ga. Gauge, /V Intravenous, mg Milligrams 


Conclusion 


Respiratory illnesses remain one of the more common complaints that arise during 
commercial flights, a trend not likely to change as the population ages and the obe- 
sity epidemic continues. Fortunately, respiratory events at cruising altitude do not 
often result in severe adverse outcomes. Unfortunately, when the respiratory dis- 
tress is severe, the available interventions are limited. The true preparation for in- 
flight respiratory emergencies mainly lies in prevention—namely, ensuring that 
patients who would go on to become dangerously hypoxic in-flight are identified 
prior to travel in order to access supplemental oxygen. The remaining preparation 
lies in the motivation of healthcare providers to familiarize themselves with the 
physiologic effects of flying, the tools they will have on board, and the improviza- 
tions they may need to use to save a life 40,000 feet in the air. 
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Neurological emergencies are one of the most common in-flight medical emergen- 
cies during commercial travel. They account for up to 30% of all in-flight medical 
consultations (1, 2). Neurological cases are also the second most common cause of 
flight diversions (1, 3), with 16.4% of all diversions being due to possible stroke (4). 
As the general population ages and commercial travel continue to increase, the inci- 
dence of neurological complaints during flights will likely increase. It is important 
for the clinicians who may be called upon to care for these patients during flight to 
be able to identify critical neurological conditions that require time-sensitive inter- 
ventions and potential diversion. 

While in-flight neurological emergencies are common, only 12% require diver- 
sion (1). This may be due to a subset of events that are related to pre-existing medi- 
cal conditions or minor symptoms triggered by the stress of air travel. Flight 
diversion is more common with loss of consciousness, altered mental status, stroke- 
like symptoms, and seizures (2, 5). A clinician needs to be able to distinguish the 
acuity and urgency of in-flight neurological complaints in order to provide advice to 
the flight staff and ground medical consultation on the recommended management. 
A clinician also needs to be able to manage these events utilizing limited equipment 
available on the aircraft and resources provided by flight staff and ground medical 
consultation. 
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Stroke 


Stroke symptoms account for up to 5% of in-flight medical emergencies (6). 
However, it is the most common reason for hospital admission (7). Air travel 
increases the risk of stroke due to multiple factors. The partially pressurized cabins 
result in a lower ambient partial oxygen pressure and can increase the risk of isch- 
emic stroke in patients without adequate cerebrovascular reserve. The low humidity 
in the cabin air can contribute to dehydration, thereby increasing the risk of throm- 
botic events such as cerebral venous thrombosis (8). In addition, restricted mobility 
can result in venous thrombosis of the legs and paradoxical embolization in patients 
with a right-to-left shunt (9, 10). 

A survey of pilots using simulated in-flight scenarios found that pilots were 
less likely to use ground medical consultation and to declare an emergency for 
stroke than for myocardial infarction. Pilots were also less likely to respond for 
younger patients and posterior circulation stroke symptoms than for elderly 
patients and anterior circulation stroke symptoms. One out of five pilots that par- 
ticipated in this study did not think that stroke could be treated (11). These find- 
ings suggest that education of pilots is an important aspect of managing in-flight 
stroke symptoms. 


Seizure 


Seizures and postictal states comprise of 5.8% of in-flight medical emergencies (7). 
Seizure threshold is lowered by air travel due to hypoxemia and disruption of the 
passengers’ circadian rhythms. In addition, alcohol consumption can also lower 
seizure threshold. In a review of in-flight medical consultations over a 6-year period, 
seizures had a similar likelihood of diversion as stroke symptoms. Factors that con- 
tributed to the diversion were status epilepticus, repetitive seizures with intermit- 
tently preserved consciousness, prolonged postictal states, injury, and febrile 
convulsions in infants (2). 


Altered Mental Status 


Altered mental status represents a significant portion of in-flight medical emergen- 
cies. The causes of altered mental status may be neurologic, metabolic, infectious, 
toxicological, or psychiatric in origin. The true incidence of in-flight altered mental 
status emergencies is unclear, as the lack of standardized categorizations have led to 
flight and medical consultation records grouping these emergencies into “confu- 
sion,” “unresponsiveness,” “other neurologic,” “diabetic complication,” etc. (2, 7, 
12). One retrospective study found that patients who were reported to be uncon- 
scious were 33 times more likely to require diversion and 234 times more likely to 
die during flight (13) though the underlying etiologies of these patient’s uncon- 
scious states were unclear. 
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Given the broad differential diagnoses and the limited diagnostic capabilities on 
an aircraft, a detailed history and physical exam is important to help narrow the 
potential etiologies to determine necessary interventions, some of which may be 
time-sensitive. Persistently altered mental status raises concerns about conditions 
such as stroke that should prompt consideration of diversion. 


Dizziness 


Dizziness is the most common in-flight neurological emergency reported. It is also 
the most common neurological symptom resulting in diversion (2). The etiology of 
dizziness is broad, spanning neurological conditions such as vertebrobasilar insuf- 
ficiency, cardiopulmonary conditions such as arrhythmias or hypoxia, otological 
conditions such as Méniére’s disease. In addition, changes in cabin pressure can 
cause passengers to experience symptoms of acute mountain sickness (14). 


Headache 


Headache is an infrequently reported in-flight medical emergency. Of all neurologi- 
cal cases, it is likely the most underestimated. Cabin pressure changes, disruptions 
of circadian rhythms, consumption of alcohol, and stress of air travel can all contrib- 
ute to headaches. However, many occurrences are likely self-treated. Passengers 
who request medical assistance with their headaches are, in essence, self-selected 
from benign causes and should be treated with a high index of suspicion. 


Head Injury 


Head injury is the second most common type of traumatic injury in flight. These 
injuries often result from blunt trauma due to turbulence. Although many are not 
serious, clinicians should consider risk factors for traumatic intracranial hemor- 
rhage such as age and anticoagulant use. Frequent reassessment of the patient will 
also allow for observation of the patient’s status and recognition of any worsening 
that should signal an intracranial injury needing escalation of care. 


Risk Stratification 


In general, approach to in-flight neurological emergencies begins with a thorough 
history and examination given the limited diagnostic capabilities on an aircraft. The 
clinician should obtain details regarding time of onset, progression of symptoms, 
associated symptoms, as well as whether the patient had similar symptoms previ- 
ously. In the case of stroke-like symptoms, details regarding the time of onset would 
help the clinician determine whether the patient may be a candidate for reperfusion 
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therapy and coordinate the logistics of potential diversion with the flight staff and 
ground medical consultation. For patients with severe headaches, a history of sud- 
den onset worst headache of life may be concerning for a subarachnoid hemorrhage 
and thus increase the urgency for definitive medical treatment. 

A detailed neurological examination is helpful in risk stratifying patients with 
in-flight neurological symptoms. A new neurological deficit is worrisome for a neu- 
rological emergency and warrants urgent medical evaluation. Acute onset unilateral 
weakness or speech deficit is concerning for stroke, and similar symptoms associ- 
ated with altered mental status is concerning for intracranial hemorrhage, both 
needing diversion for time-sensitive treatment. Hypoglycemia and infections can 
exacerbate existing neurological deficits from an old stroke. However, the absence 
of neurological deficits does not preclude a neurological emergency. Stroke-like 
symptoms that have resolved at the time of evaluation by the clinician is concerning 
for a transient ischemic attack (TIA). Patients with TIA symptoms are at higher risk 
of subsequent stroke and would benefit from urgent medical evaluation, though the 
decision to recommend diversion to the flight crew would likely need to be made on 
a case-by-case basis considering associated risks and benefits. Patients with sub- 
arachnoid hemorrhage may only complain of the worst headache of life but other- 
wise be neurologically intact despite a high risk of neurological deterioration from 
rebleeding, hydrocephalus, and seizures. Head injury of significant mechanism may 
be concerning for an epidural hematoma even if the patient became “lucid” after an 
initial loss of consciousness. Thus, perhaps more important than a detailed neuro- 
logical examination is the repeated assessment to evaluate for progression of symp- 
toms and better determine the urgency of definitive medical evaluation. 

Lastly, a complete physical examination and evaluation of the surroundings are 
also important, as in-flight neurological symptoms such as altered mental status 
may be sequelae of a medical condition. Findings of alcohol or medications may 
increase the suspicion of intoxication or overdose. An arteriovenous fistula or a tun- 
neled dialysis catheter would add electrolyte derangements and uremia to the dif- 
ferential diagnoses. Fever, rash, or an obvious wound would heighten the suspicion 
for an infection. While medical illnesses with associated neurological complica- 
tions may not require diversion, time-sensitive treatments may still be necessary if 
the patient is in extremis or unstable. 

The decision for diversion is ultimately up to the flight’s captain; however, the 
responding clinician is often the best advocate for the patient at hand given their 
ability to physically assess the patient and their clinical expertise. 


Management 


Management of any in-flight medical emergency should begin with assessing the 
patient’s vital signs and clinical stability. Airway protection in patients with 
decreased level of consciousness is typically considered for patients with a Glasgow 
Coma Scale score equal to or less than 8 due to their decreased airway protective 
reflexes and increased risk of aspiration. However, the medical kit available on most 
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commercial aircraft does not include endotracheal tubes or laryngoscopes, thus, the 
clinician must consider alternative methods to reducing the risk of aspiration in 
these patients. One may consider leaving the patient upright in their seat, or elevat- 
ing their head if care is delivered on the aircraft floor. For patients who are hypoxic 
or at risk for cerebral hypoxia, supplemental oxygen may be provided though the 
available oxygen source is limited to delivering 4-6 L/min of 100% oxygen (15). 
One may consider requesting a descent to a lower altitude if there is evidence of 
respiratory distress or severe hypoxia not responsive to available oxygen delivery. If 
there are signs and symptoms of a herniation syndrome, hyperventilation of the 
patient can be performed using a bag-valve-mask. 

Many neurological conditions require strict blood pressure management, how- 
ever, given the lack of diagnostic certainty of in-flight neurological symptoms, sim- 
ply avoiding hypotension and extreme hypertension would likely prevent secondary 
neurological injury and iatrogenic overtreatment. For symptomatic hypotensive 
patients, intravenous access and fluids can be provided, while epinephrine is avail- 
able if there is concern for refractory shock. If a patient with stroke-like symptoms 
or altered mental status has extremely elevated blood pressure with systolic blood 
pressure greater than 220 mmHg, few, if any antihypertensive medications are avail- 
able in the on-board emergency medical kit. If any blood pressure augmenting med- 
ications are given in a patient with in-flight neurological symptoms, one should be 
cautious of potential labile responses. 

Blood glucose should be tested in all patients with neurological symptoms given 
the propensity of hypo- and hyperglycemia to mimic neurological symptoms. While 
the medical kit available on aircrafts does not typically contain a glucometer, pas- 
sengers on the aircraft may have such equipment and may lend their device and 
supplies for flight staff use (16). However, one must consider the potential for trans- 
mission of blood-borne pathogens. 


Stroke 


Stroke is a time-sensitive neurological emergency given the limited window for 
potential reperfusion therapies. Intravenous thrombolysis may be considered for 
patients with stroke symptoms should they meet eligibility criteria and are able to 
receive this therapy within 3—-4.5 h from symptom onset. Patients with symptoms of 
large vessel occlusion may be eligible for mechanical thrombectomy within 24 h of 
symptom onset (17). Thus, in-flight stroke is the most critical neurological emer- 
gency due to the limited time available in getting a patient to an appropriate facility 
for potential intervention. 

Evaluation of a patient with in-flight stroke-like symptoms requires a detailed 
neurological exam to determine whether the symptoms are consistent with a vascu- 
lar distribution. If symptoms are suggestive of a stroke, then discussion regarding 
the possibility of diversion should be initiated early with flight staff, pilots, and 
ground medical consultation so that they may begin evaluating whether diversion is 
logistically feasible. 
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Care of the patient with stroke symptoms should include close monitoring of 
vital signs and any change in their neurological exam. Supplemental oxygen should 
be provided to maintain oxygen saturation greater than 94% to reduce cerebral 
hypoxia. Hypoglycemia should be treated with oral or intravenous dextrose. Even 
though antiplatelet therapy with aspirin is indicated in acute ischemic stroke that is 
not a candidate for thrombolysis or thrombectomy, with limited diagnostic evalua- 
tion that can be performed to rule out intracranial hemorrhage, aspirin should not be 
administered for in-flight stroke-like symptoms. 


Seizure 


Seizures are usually self-limited, thus care of the seizing patient in-flight is usually 
supportive. Keeping the patient upright in their seat may reduce the risk of aspira- 
tion during a seizure, however, care should be provided to prevent the patient from 
head or limb injuries. Blood glucose should be tested in patients who seize during 
flight since hypoglycemia is an easily treatable cause of seizures. 

For a single seizure that spontaneously resolves, care should include close moni- 
toring of vital signs and return of the patient’s mental status to baseline. Once the 
patient returns to baseline and if history is obtained that the patient has a known 
seizure disorder, one may recommend for the patient to take an additional dose of 
their prescribed seizure medication. If the patient does not return to their baseline 
mental status, has recurrent or persistent seizures, then an anticonvulsant or sedative 
such as a benzodiazepine should be administered if available in the medical kit. 
Benzodiazepine may be administered intravenously or intramuscularly, depending 
on the availability of intravenous access. Diversion should be considered for patients 
with persistent or recurrent seizures, or prolonged alteration of mental status con- 
cerning for nonconvulsive seizures. 


Altered Mental Status 


Management of a patient with altered mental status in-flight will be based on history 
and exam and is also largely supportive. Once again, blood glucose testing will be 
invaluable. Hypoxia, hypoventilation, and hypotension can all be treated with the 
available medical equipment on the aircraft. If the history supports intoxication or 
overdose, close monitoring of vital signs and the patient’s neurological status will 
be key. Patients with altered mental status and focal neurological deficits should be 
considered for diversion for urgent medical evaluation of potential intracranial 
hemorrhage. 

The constellation of decline in mental status, asymmetric pupils, and posturing is 
consistent with a herniation event and should be treated emergently with hyperven- 
tilation with bag-valve-mask and establishment of intravenous access. While hyper- 
ventilation is typically used as a bridge to definitive treatment, in-flight treatment 
options are limited with the available medications in an aircraft’s medical kit. If the 
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patient has a known history of brain tumor, one may administer steroids for pre- 
sumed vasogenic cerebral edema though this is not recommended for non- 
neoplastic-related herniation events. If sodium bicarbonate is available in the 
medical kit, one may use it as a substitute for hypertonic saline given its similar 
osmolarity. An in-flight herniation event is a neurological emergency that needs to 
be diverted to a definitive medical facility. Given the limited treatment options avail- 
able on an aircraft, there is high risk of further clinical deterioration including car- 
diopulmonary arrest. 


Dizziness 


The management of in-flight dizziness is generally supportive. Hypoglycemia and 
hypotension can be treated. Patients should be placed on cardiac monitoring if avail- 
able to evaluate for possible arrhythmia. Nausea and vomiting associated with diz- 
ziness can be treated with the antiemetic available in the medical kit. Obtaining a 
detailed history of symptom onset and progression as well as utilizing the Head- 
Impulse-Nystagmus-Test-of-Skew (HINTS) exam can help differentiate between 
central causes such as vertebrobasilar insufficiency from peripheral causes such as 
labyrinthitis. If there is concern for vertebrobasilar insufficiency or posterior circu- 
lation stroke, diversion should be discussed with the flight staff, pilots, and ground 
medical consultation. 


Headache 


Analgesics are available in medical kits on aircrafts and can be used for the treat- 
ment of headaches. However, aspirin and nonsteroidal anti-inflammatory drugs 
should be avoided if there is concern of an acute intracranial process such as sub- 
arachnoid hemorrhage or intracranial hemorrhage. Oxygen may be administered for 
tension type headaches. Caffeinated beverages and intravenous fluids may be used 
to treat migraine type headaches. Flight staff may also offer eye masks and earplugs 
if the patient is experiencing photophobia or phonophobia. Diversion should be 
considered if a patient with a headache has concomitant neurological deficits. 


Head Injury 


Most head injuries sustained in-flight are minor and may not require medical treat- 
ment. Analgesia and supportive care such as an ice pack may be provided. If the 
patient sustained a laceration from the traumatic injury, local wound care can be 
performed using drinking water or intravenous fluid to irrigate the wound. While 
basic dressing supplies such as gauze and tape are available in the medical kit on the 
aircraft, there is no equipment for laceration repair. If hemostasis cannot be achieved 
with direct pressure, one may consider using gauze soaked with diluted epinephrine 
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to help local vasoconstriction within the wound. Achieving hemostasis of scalp lac- 
erations is important as significant blood loss may occur given the highly vascu- 
lar tissue. 


Documentation 


Documentation of in-flight neurological emergencies should include time of onset, 
duration of symptoms, as well as a detailed neurological examination including 
level of consciousness, general language assessment, and focality of any neurologi- 
cal deficits. Documentation forms may vary by airlines and may not include specific 
fields pertaining to neurological emergencies (18). However, the more detail one is 
able to provide on the time course of the symptoms, the better prepared the receiv- 
ing medical facility will be able to continue care for the patient. 
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Introduction 


The prospect of managing any patient in a resource-limited, closed environment can 
prove taxing, particularly when the environment is 35,000 feet in the air, and there 
are potentially hundreds of other passengers onboard the aircraft. Anyone that has 
cared for patients experiencing an acute psychiatric issue has experienced the atten- 
dant difficulties in managing such patients, particularly if they are agitated or deliri- 
ous. While such patients do not always have an immediate life-threatening concern, 
they can require a great deal of resources, even in a hospital setting and can also be 
very disruptive to others in their vicinity. When these patients potentially have a con- 
current life-threatening condition, their care becomes even more difficult. When psy- 
chiatric illness presents itself onboard an aircraft either alone or confounding another 
dangerous illness, the overhead page “Is there a doctor onboard?” presents a unique 
challenge. The provider must consider the safety of the patient at hand, as well as the 
safety of the other passengers onboard. Clear and consistent evidence-based guid- 
ance on the management of in-flight psychiatric emergencies is lacking, even in 
structured systems such as the military, let alone civilian commercial air travel [1]. 

While little has been published overall on the subject, a few studies examine the 
incidence, causes, and treatment of in-flight psychiatric emergencies. One study 
found that about 3.5% of reported in-flight medical events are related to psychiatric 
emergencies, and 90% of these related to acute anxiety [2, 3]. Rarely do these cir- 
cumstances require flight diversion, but many (69%) may require prompt evaluation 
upon landing at the flight’s destination [3]. In addition, there are several recognized 
psychiatric illnesses related to travel that, while maybe not directly be related to the 
flight itself, can potentially present and be recognized in-flight. 
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Initial Approach 


As with any condition, whether seen in the emergency department of a tertiary care 
hospital, or the passenger cabin of a mid-flight Boeing 747 passenger airliner, the 
initial evaluation of the patient should be focused on evaluating the safety of the 
environment, and then for an acute life-threatening emergency. Care needs to be 
taken to not overlook the possibility of an organic problem causing the patient’s 
altered mental state, anxiety, or agitation. Patients presenting with anxiety could 
potentially be anxious due to true hypoxia, cardiac arrhythmia, or ischemia. 
Agitation, altered mental status, and confusion can all be caused by hypoglycemia 
and should not be missed. While the on-board emergency medical kit (EMK) may 
not contain a blood glucose monitor or test strips, it is likely that another passenger 
may have one available to borrow (though the responding health care provider must 
be aware that cleanliness of borrowed devices cannot be ensured). If not, it is 
unlikely that empiric administration of oral or IV glucose (available in the EMK) is 
likely to worsen the patient’s condition and may, in fact, improve it if hypoglycemia 
is the cause [4]. The use of orange juice, candy, or other food or beverage can also 
be used, provided that the patient can safely swallow. Evaluation of any patient 
should include a complete set of vital signs, if possible, as hypoxia may be apparent 
if a pulse oximeter is available. Although tachycardia is likely to be present in the 
anxious or agitated patient, extreme tachycardias may indicate the presence of atrial 
fibrillation or flutter with rapid response or supraventricular tachycardias. 


Specific Illness 


Many airlines have specific rules regarding travel of psychotic patients, and generally 
require stabilization of the patient’s mental state before allowing the person to fly. 
Airlines may even have the right to decline transport of passengers that they feel are 
unsafe to travel, which may limit the overall risk of psychotic behavior in flight. This 
likely leads to skewing psychiatric-related complaints onboard aircraft to involve 
acute anxiety or panic attacks. Fortunately, these are rarely life-threatening. However, 
the specific patient’s reaction may cause disruption of the flight for other passengers, 
and in severe cases, may put themselves or others at risk. For instance, an acutely 
agitated passenger may attempt to open doors or windows trying to escape. Angry 
and agitated passengers have also become a growing burden on the air travel. 
Management of these patients is discussed in more detail in Chap. 10. 


Anxiety/Panic Disorder 


Although firm definitions may not change treatment in this particular scenario, it is 
still relevant to discuss and use appropriate clinical terminology and disease defini- 
tion. According to the Diagnostic and Statistical Manual of Mental Disorders 
(DSM)-V, multiple disorders are classified under Anxiety Disorders, including 
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Table 9.1 Anxiety disorders [4] 


Separation anxiety disorder Agoraphobia 

Selective mutism Generalized anxiety disorder 

Specific phobia Substance/medication-induced anxiety 
disorder 

Social anxiety disorder (social phobia) Anxiety disorder due to another medical 
condition 

Panic disorder Other specified anxiety disorder 

Panic attack specifier Unspecified anxiety disorder 


panic disorder (Table 9.1) [5]. This includes generalized anxiety disorder, social 
anxiety disorder, and specific phobias, all of which may contribute to an acute epi- 
sode onboard an airplane. Many of the disorders in the anxiety spectrum are long- 
standing, and are centered around worry, that tends to build over time and in certain 
situations. In this scenario, a person may show signs of nervousness from the begin- 
ning of the flight, that builds throughout the flight, with or without a specific trigger 
for worsening [5]. 

Panic disorder is a specific sub-category in the “Anxiety Disorders” and occurs 
in 2-3% of the population in adolescents and adults, particularly among the 
Caucasian and European population [6, 7]. Generally, rates tend to increase in ado- 
lescents and decline in older patients [7, 8]. Women tend to be affected more than 
men (2:1) and prepubescent children have a very low rate of true panic disorder [6]. 

A panic attack, by definition, generally occurs very abruptly, and is often unex- 
pected. The patient may fear having a panic attack and avoid certain situations that 
they know may trigger an attack. DSM V criteria for panic attack defines the illness 
as an abrupt surge of intense fear or intense discomfort that reaches a peak within 
minutes, and during which time, four (or more) specific symptoms occur (Table 9.2) 
[5]. To diagnose panic disorder, an attack must be followed by | month or more of 
worry about the event, worrying it may recur and the consequences, and/or “mal- 
adaptive changes” to avoid another event [5]. The presentation of a panic attack can 
be potentially a difficult situation to handle in a limited in-flight environment, as 
many of the symptoms listed have significant can overlap with life-threatening ill- 
ness. Respiratory, cardiac, and metabolic abnormalities can all present with tachy- 
cardia, shortness of breath, and feeling faint, for example. It is important for the 
physician in these cases to carefully take the patient’s history, medical conditions, 
medications, and presentation into account to consider the need for further evalua- 
tion to rule out other life-threatening conditions. 


Psychosis 


Interestingly, there are several types of psychoses that may be specifically related to 
travel. Not all are associated with the in-flight portion of the travel, however the 
psychotic behavior may present itself enroute to a destination, at the destination, 
and may or may not persist while leaving the destination, and therefore may be 
encountered in-flight. Generic terms such as “travel-induced psychosis” have been 
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Table 9.2 Symptoms of panic disorder [4] 


Palpitations, pounding heart, accelerated heart rate Sweating 

Trembling or shaking Sensations of shortness of breath 
or smothering 

Feelings of choking Chest pain or discomfort 

Nausea or abdominal distress Feeling dizzy, unsteady, 
light-headed, or faint 

Chills or heat sensations Paresthesias 

Derealization (feelings of unreality) or depersonalization Fear of losing control or “going 

(being detached from oneself) crazy” 

Fear of dying - 


applied, indicating a new psychiatric episode or psychosis in patients due to travel 
abroad. This phenomenon is often seen in young adults, but even the elderly may be 
susceptible [9]. Travel-related stress due to physical exhaustion, environmental 
strain, psychological, and psychosocial stressors are possible precipitants or exacer- 
bators of travel-related psychiatric illness [10]. Furthermore, particularly among 
young adult travelers one of the most frequent triggers for acute psychosis is sub- 
stance abuse [11]. Treatment in-flight for any of these conditions may not change 
from management of any other psychotic condition; however, familiarity with the 
syndromes may make a responding provider more comfortable assessing the situa- 
tion should one be asked to evaluate a passenger potentially experiencing an acute 
psychotic event. 

Even more specific psychoses, such as “Jerusalem syndrome” have also been 
identified. Jerusalem syndrome has been as a psychosis specifically related to trav- 
eling to the city of Jerusalem. This can occur in both travelers with previous mental 
health illness, and also those that are previously completely healthy, and sometimes 
completely healthy after return from Jerusalem. Three “types” have been delineated 
for this particular syndrome. In some cases, the impetus to travel to Jerusalem may 
be part of a preexisting delusional psychotic belief (type 1). However, other cases 
result in psychosis after spending time in the city. These patients can be lone travel- 
ers, or in groups. The second type may not display florid psychosis or easily defin- 
able delusions but may have obsession with a fixed idea and strange thoughts. The 
final group is perhaps the most interesting. This includes patients previously com- 
pletely medically and psychiatrically healthy prior to travel, who develop clearly 
progressing psychosis while in Jerusalem. The condition, in this final group, usually 
resolves with conservative or no treatment, within days after removal or distancing 
the patient from the city itself [12]. 

Various psychoses have been associated with other popular travel destinations as 
well. “Paris syndrome” has been described, primarily in Japanese travelers visiting 
Paris. Patients can develop symptoms of agitation, anxiety, delusions, and loss of 
awareness of time. Published cases of this have required psychiatric hospitalization 
and treatment [13]. Patterns of travel-related psychiatric illness have also been 
described in travelers with destinations to Nepal, India, Florence, and Hawai’i, to 
name a few [14]. 
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Treatment Options 
Anxiety/Panic 


In many cases, the only treatment needed may be reassurance and time. In other 
situations, calming exercises such as deep breathing, lying down, or loosening any 
tight clothing may be beneficial. It has been suggested that the acute attacks associ- 
ated with panic disorder may have a respiratory trigger, and that focused breathing 
training may help patients deal with these attacks [15]. Feelings of breathlessness, 
which may potentially be caused by lower oxygen concentrations at high altitude of 
flight, could potentially trigger this mechanism, although this specific cause has not 
been studied. Some limited studies have investigated the theory that increased sen- 
sitivity to concentrations of carbon dioxide in the blood stream may be a cause of 
panic attacks in some patients triggering hyperventilation. Theories from the 1980s 
suggests that the hyperventilatory response in a panic attack causes a positive feed- 
back loop, in which the patient feels more and more uncomfortable due to the symp- 
toms associated with respiratory alkalosis, which further exacerbates the attack 
[16]. The patients also have been postulated to respond to physiologic hyperventila- 
tion as a life-threatening event, rather than a normal physiologic correction [17]. 

While long-term cognitive behavioral therapy is the basis of treatment for those 
with panic disorder, the theories discussed above have led to the introduction of 
breathing training as a technique to handle acute panic. This typically focuses on 
teaching the patient to recognize that hyperventilation at times is a normal response, 
and not life threatening. Unfortunately, due to varying study design, small sample 
sizes, and inconsistent results, the overall validity of the hyperventilation theory, 
increased carbon dioxide blood concentration sensitivity, and overall utility of 
breathing training remains unconfirmed. In the acute setting, however, without other 
resources available, attempts to help the patient calm their breathing, potentially to 
restore normal carbon dioxide levels, may be beneficial [18]. This can be achieved 
with simple coaching to help the patient slow breathing and decrease minute venti- 
lation, or with the assistance of bag rebreathing if necessary. Care must be taken, 
however, if the patient’s anxiety is caused by hypoxia, as bag breathing can further 
reduce oxygen blood concentration levels and has even reportedly led to death if 
inappropriately applied [19]. 

In cases in which these techniques are ineffective, the emergency medical kit on- 
board is also unlikely to be particularly helpful. The contents required by the FAA 
contain no ideal option for a rapidly sedating medication, with the exception of an 
“antihistamine medication” (most likely diphenhydramine), in both oral and inject- 
able routes [20]. The requirement to carry these medications is surely in order to 
treat the possibility of an anaphylactic reaction but may be repurposed for sedation 
if the situation requires. It would certainly be prudent to weigh the risks and benefits 
of utilizing this antihistamine medication (particularly the [V/IM route) which also 
has anticholinergic properties. In many cases, a passenger may already have a 
known diagnosis of anxiety or panic attacks and may be carrying his or her personal 
medications specifically for this purpose. 
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A 2018 JAMA review created a quick access reference system for treating vari- 
ous in-flight emergencies. Initial evaluation of psychiatric emergencies begins with 
creating rapport with the passenger, in an attempt to de-escalate the situation, fol- 
lowed by attempting to obtain a history of any recent use of mental or mood-altering 
substances, both illicit and prescribed [21]. This can offer knowledge of any possi- 
ble triggers, as well as the possibility that the patient may be carry an effective treat- 
ment option with them, if previously prescribed. If verbal de-escalation (See Chap. 
10) is ineffective, use of a benzodiazepine from the emergency medical kit (if avail- 
able in kit) may be helpful, as long as the risk of concomitant ingestion of other 
sedatives is not greater than the current risk to the patient and others. If the patient 
becomes or remains combative, further intervention and restraint may be 
required [21] 


Agitated Patients 


Care of agitated patients is further detailed in Chap. 10. 

Many airlines may have a supply of emergency restraints available to help deal 
with dangerous passengers if required. If not, it may be necessary to request assis- 
tance of other passengers and crew members to creatively and safely devise a 
method to restrain a patient. While rarely necessary, one may worry about the legal 
ramifications, both criminal and civil, when attempting to restrain an unwilling pas- 
senger onboard an airplane. The Tokyo convention in 1963 outlined a pilot and air- 
line crew’s right to restrain and utilize passenger assistance in the event that it is felt 
the passenger may be a danger to the flight or other passengers [22]. This stance was 
reaffirmed with the Montreal Protocol of 2014 as well [23]. International Air 
Transport Association (IATA) protocols dictate that able-bodied passengers may be 
requested to assist with restraining an unruly passenger if they become physically 
threatening, or are felt to be a danger to themselves or others on the flight. It is not 
mandatory to assist with restraints, and the cabin crew should dictate the procedure, 
and not relinquish control to passengers, regardless of profession [24]. If restraints 
are not available aboard the flight, more creative measures may have to be taken to 
control an unruly passenger. Reports of other passengers supplying duct tape, belts, 
ties, etc. to be used to restrain an aggressive and/or intoxicated individual have 
occurred. Reportedly only a minority, about 11-17%, of cases of unruly passengers 
opened by the FAA actually result in prosecution of the offending passenger [25]. 


Suicide 


In a clinical setting, evaluating a patient’s risk of suicide is often one of the primary 
goals when initially assessing a psychiatric patient. If one were to encounter a 
potentially suicidal passenger in-flight, it will be necessary to maintain the safety of 
the patient and other passengers, by any of the mechanisms previously described. If 
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the person had attempted to harm themselves, stabilizing treatment for any injuries 
may be required. 

Few studies have investigated aircraft-assisted suicides committed by pilots. 
This is, however, a very uncommon event (16 out of 3648 fatal aviation accidents) 
[26]. When flying onboard commercial aircraft as a passenger, there is, however, 
frequently very little contact or access to the pilot in order to assess the situation, 
even if there were early warning signs. In 50% of the cases referenced above, pilots 
tested positive for illicit substances [26]. In the event that a co-pilot or other crew 
member had concerns for the pilot’s mental state, and ask for physician assistance, 
it may be reasonable to have another capable crew member take over and have the 
pilot further evaluated upon landing. 


Conclusion 


While psychiatric complaints continue to make up only a small portion of medical 
complaints aboard aircraft, the vast number of daily flights and increasing number 
of passengers aboard these flights makes it likely that at some point a physician 
may be requested to assess one of these passenger-patients. Dealing with any of 
these situations can be difficult. While definitive psychiatric treatment and pharma- 
cologic support may be limited, focused breathing, verbal de-escalation, and, if 
necessary, physical restraint may be required. After ruling out and/or treating 
potential underlying medical causes of any symptoms, hopefully the suggested 
techniques listed in this chapter may aid in the assessment and treatment of any 
illness or disruption. 
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The Disruptive Passenger In-Flight 1 O 


Lindsey DeGeorge 


Introduction 


The true incidence of disruptive behavior on commercial flights is not clearly 
known. There is no standardized compulsory reporting of such incidents across air- 
lines and jurisdictions. The International Air Transport Association (IATA) esti- 
mates that in 2017, the most recent year for which such data is currently available, 
that there was 1 incident for every 1053 flights [1]. Many experts agree that the 
incidence has been steadily rising over the years. It is, therefore, increasingly likely 
for travelers to encounter a disruptive passenger during air travel. Healthcare pro- 
viders, who might be called upon to assist in these situations, should understand the 
underlying causes and techniques to manage a disruptive person. 

The first step for a responding healthcare provider is to be vigilant to the safety 
of themselves and others nearby. Then, they may begin to assess for an underlying 
psychiatric or medical condition as a potential source of the behavior. Once a psy- 
chiatric or medical condition has been excluded, air rage may be considered. Finally, 
drug or alcohol intoxication should be considered as possibly contributing to the 
disruptive behavior. When assessing the safety of the situation, the flight crew 
should first be consulted regarding available resources. Particularly, whether there 
is an air marshal on the flight who may be able to assist with physical restraint if 
necessary. The airline crew can also provide information as to whether physical 
restraints are available for use, should they become necessary. Finally, the crew 
members can provide a list of medications on hand in the airplane’s medical kit. 
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Assessment of Disruptive Passengers 
Psychiatric Conditions 


Acute psychosis or mania may present itself as disruptive behavior in flight. For 
passengers traveling with a friend or family, it may be possible to elicit a known 
history of psychiatric illness. If no such history is available, healthcare providers 
can assess for symptoms such as flight of ideas, tangential speech, delusions, or hal- 
lucinations, which may suggest an acute exacerbation of an underlying psychiatric 
illness. For more specific information on managing psychiatric concerns in flight, 
refer to the chapter in this book on psychiatric emergencies (Chap. 9). 


Medical Conditions 


Disruptive behavior may also be a sign of an underlying medical illness that is caus- 
ing altered mental status. While there are several medical conditions that could 
potentially present in such a manner, two commonly encountered are hypoxia and 
hypoglycemia. Conditions that predispose patients to hypoxia such as underlying 
lung disease may be exacerbated by air travel. Taking a medical history from the 
patient, or those traveling with them, if possible, may reveal a medical comorbidity 
making them more at risk for hypoxia. Additionally, look for increased work of 
breathing or cyanosis as further clues of respiratory distress. A trial of oxygen 
administration may further help both diagnose and treat the hypoxia. 

Hypoglycemia is another common and important cause of altered mental status 
to be considered in the evaluation of the disruptive passenger. Again, it may be pos- 
sible to obtain a history of diabetes from the patient or those traveling with them. 
Check for medical alert bracelets as well. Blood glucose testing with a glucometer 
is the most accurate and efficient way to conclusively evaluate for hypoglycemia. 
While most aircraft medical kits do not contain a glucometer, it is likely another 
passenger on board does have a glucometer that they may be willing to lend. If using 
another passenger’s glucometer, attention should be taken to protect against trans- 
mission of blood-borne pathogens by using a fresh lancet whenever possible. If 
there is sufficient concern for hypoglycemia and a glucometer is not readily avail- 
able for use, empiric PO glucose in the form of juice or dextrose 50% may be given 
IV from the aircraft’s medical kit. 


Air Rage 


The phenomenon known as “air rage” can be a catch-all for disruptive behavior dur- 
ing air travel that is not believed to be attributable to an underlying medical or psy- 
chiatric issue. The term air rage derives its name from the familiar phrase “road 
rage” due to similarities between the two in displays of irrational explosive behav- 
ior. There is no one clear definition of air rage, but it is most broadly defined as “any 
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behavior that threatens the safety of a customer or crew member” [2]. It has been 
used to describe unruly, agitated, and even aggressive and violent behavior exhib- 
ited by passengers or, less commonly, crew members during air travel. The term 
may have first been used in the popular press in the 1990s, but likely describes a 
phenomenon that has existed for much longer. 

The exact incidence of air rage may be underreported as airlines often do not 
want to publicize such events. Estimates of the number of episodes of air rage range 
from 250 to more than 10,000 per year [3]. What’s more, the number of episodes has 
been steadily increasing over the last two decades. The COVID-19 pandemic has 
led to a further rise in cases, with many incidents specifically cited as being related 
to the use of facemasks. The Federal Aviation Administration (FAA) reported that it 
investigated a total 5981 reports of unruly passenger behavior in 2021. Of those, 
4290 cases, just over 70%, were deemed to be related to facemasks [4]. It is appar- 
ent that more robust reporting and discussion of the factors that lead to such anger 
and methods to manage behavior once it has manifested is needed. Air rage is con- 
sidered by some experts to be the single biggest threat to safety and security of air- 
line passengers and crew [5]. 

While the exact cause of air rage is not known, there are several factors thought 
to possibly contribute. These include crowded and congested airports and airplanes, 
with frustrations over travel delays or cancellations. Crowding on flights, particu- 
larly in the setting of decreasing sizes of seats, are believed to exacerbate the issue 
[6]. Furthermore, stress and anxiety related to air travel itself has also been cited as 
a cause. Substance use, particularly alcohol intoxication, but also drug use and nico- 
tine withdrawal are thought to be a frequent contributor as well. Finally, there is 
increasing attention to underlying social inequalities that are highlighted during air 
travel as possibly being a prime inciter to air rage [7]. The presence of a first-class 
cabin and the boarding procedure itself, including economy passengers physically 
having to walk through the first-class cabin, is posited to be a trigger of air rage. For 
the medical professional asked to respond to a patient exhibiting air rage, bearing in 
mind factors that may be contributing to the person’s state can be helpful when 
verbal de-escalation techniques are employed. 


Drug or Alcohol Intoxication 


As mentioned above, drug or alcohol intoxication may be one trigger of air rage. 
However, acute intoxication may also result in behavior that, while not angry or 
agitated, is still disruptive to other passengers and airline crew. If alcohol was con- 
sumed on the plane, this history may be available from the airline crew who served 
the alcohol to the passenger. Information on drug or alcohol use prior to boarding or 
illicitly used on board may be less readily available. Passengers may not be forth- 
coming in admitting to drug or alcohol use, making it difficult to elucidate a history 
of such. Healthcare providers can look for further clues suggesting intoxication, 
such as drug or alcohol paraphernalia found on the patient, or symptoms specific to 
a particular drug, such as pupil constriction from opiate use. If alcohol or drug 
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intoxication is suspected, extra attention must be given if physical restraints or 
sedating medications become necessary, as these passengers may be more at risk to 
experience respiratory depression or decreased level of consciousness. 


Management of Disruptive Passengers 


After assessing the disruptive passenger for possible etiologies of their agitation, the 
healthcare provider’s attention then must turn to managing these patients. Again, 
their own safety, as well as the safety of other passengers and airline crew must be 
the priority. Strategies to ensure safety start with how the healthcare provider physi- 
cally positions themself for the interaction. This includes avoiding having their back 
towards an agitated person, maintaining space (ideally 1—2 arm lengths) between 
them and the person, and (whenever possible) positioning themselves behind a bar- 
rier, such as another seat [8]. The ultimate goal in managing the disruptive or agi- 
tated person is the same in-flight as it is in the clinical setting: help the person 
manage their emotions and distress and regain control of their behavior while avoid- 
ing interventions that may escalate hostility [9]. Medications and physical restraints 
should only be employed if absolutely necessary. 

Verbal de-escalation refers to communication techniques intended to diffuse a 
hostile and potentially violent situation and should be the first step taken to help 
manage a disruptive passenger in flight. It is important to note that communication 
involves not only the spoken words but also the tone in which they are delivered, 
along with the body language behind them [9]. All three of these aspects of com- 
munication are important when using de-escalation techniques. Therefore, one 
should be mindful of one’s own emotions and reactions to the disruptive person with 
a focus on remaining calm and open. A 2012 consensus statement by the American 
Association of Emergency Psychiatry De-Escalation Workgroup identified “10 
domains of de-escalation” when dealing with an agitated patient (Table 10.1) [9]. 
These domains are intended to be used by the healthcare provider to de-escalate the 


Table 10.1 Ten domains of de-escalation [9] 


1. Respect personal space: maintain at least two arm’s lengths distance 

2. Do not be provocative: adopt non-confrontational body language and tone 

3. Establish verbal contact: introduce yourself, only 1 person should be verbally interacting 
with the agitated person 

4. Be concise: use short, simple sentences 

5. Identify wants and feelings: use the person’s own words and body language to determine 
their goals 

6. Listen closely to what the patient is saying: employ active listening 

7. Agree or agree to disagree: find something in the person’s position you can agree on 

8. Lay down rules and set clear limits: must be done in a respectful and non-threatening 
manner 

9. Offer choices and optimism: empower the person to make a choice and take an alternative 
away from aggression 

10. Debrief the patient and staff: re-establish the therapeutic relationship after any 
involuntary intervention is taken 
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agitated person. All agitated persons deserve an attempt at verbal de-escalation prior 
to the use of more restrictive measures, such as physical restraints or sedating 
medications. 


Physical Restraints 


When attempts at verbal de-escalation are unsuccessful and there is sufficient con- 
cern regarding the imminent safety of the agitated person and those around them, 
the next step may be the use of physical restraints. Some aircraft will have emer- 
gency restraint devices, though not all. When such restraints are not available, the 
healthcare provider and airline crew will need to improvize restraints. Common 
items on board that may serve as restraints include belts, ties, removable shoulder 
straps from bags. Other passengers on board can be called upon to provide such 
items if needed. 

Restraining a person onboard an aircraft is ideally done with the patient seated in 
a chair. In this position, each extremity should be immobilized with a restraint and 
firmly secured to the chair. Avoid placing restraints around the chest, as this may 
lead to constriction of chest expansion. If restraint around the chest is necessary, it 
should be loose enough to ensure adequate chest expansion and ventilation, with the 
person then being closely monitored. If it is not possible to restrain the person in a 
chair at least initially, the arms and legs can first be secured with the person on the 
ground and the person can be moved to a chair if possible. Keeping the person in a 
prone position while restrained should be avoided as this is more likely to cause 
airway compromise. If possible, the healthcare provider should not be directly 
involved in restraining the person so that they may best preserve a therapeutic 
relationship. 

Once a passenger is physically restrained, they require close monitoring, with 
particular attention to their airway and respiratory effort. They should also be moni- 
tored for increasing distress and physical attempts to free themselves from the 
restraints. Intoxicated patients may be particularly vulnerable to airway and respira- 
tory compromise. Finally, it should be made clear to the passenger once they are 
restrained why the restraints were necessary and what behavior on their part would 
lead to the removal of restraints. Once a passenger is calm and has regained control 
of their emotions they should be reassessed and taken out of restraints as soon as the 
healthcare provider feels it is safe to do so. 


Medical Management 


Once a patient has been placed in physical restraints, pharmacologic intervention 
for sedation should be considered depending on available medications. This is par- 
ticularly true for agitated persons who continue to fight against the restraints as this 
increases the risk of causing musculoskeletal injury or other complications such as 
rhabdomyolysis. Medications typically used for chemical sedation include 
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antipsychotics such as haloperidol and benzodiazepines such as lorazepam or mid- 
azolam. Unfortunately, these medications are not typically included in the standard 
emergency medical kits available on aircraft. Options for sedating medications are 
typically very limited onboard. Amongst the medications mandated to be included 
by the FAA in a commercial aircraft’s emergency medical kit, diphenhydramine is 
the only one that may have some sedating properties. It should be available in the kit 
as a 25 mg tablet and a 50 mg injectable single dose solution. If needed, the inject- 
able solution can be given intramuscularly once the patient is restrained. If the air- 
craft has an expanded medical kit that includes an injectable antipsychotic or 
benzodiazepine, these should be the first line agents. As with the use of physical 
restraints, passengers given sedating medications should be closely monitored for 
signs of respiratory depression or declining mental status. 


Conclusion 


Disruptive passengers in-flight are becoming increasingly common and pose a 
potential threat to themselves and those around them. For medical professionals 
asked to assist with management of a disruptive passenger, they should be mindful 
of their own safety. An assessment for an underlying psychiatric or medical illness 
should be undertaken. Verbal de-escalation techniques should always be used first. 
A better understanding of the causes that may precipitate air rage can help health- 
care professionals be more successful in using verbal de-escalation techniques. 
Physical restraints or sedating medications are reserved for circumstances in which 
the person remains agitated despite de-escalation attempts and represents an immi- 
nent threat to themselves or those around them. Once physical restraints are 
employed, close monitoring of respiratory and mental status is needed, and restraints 
should be removed as soon as it is safe to do so. 
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Kathleen Stephanos 


Overview 


Pediatric patients require special consideration. Aside from different physiology 
and age-specific medical conditions, medications must be dosed based on weight. 
Several of the FAA required on-board medications are rarely utilized in pediatrics 
and some are contraindicated. Additionally, medications available on flights are 
rarely in liquid formulation, making these much more difficult to dose in an austere 
environment. 

Fortunately, pediatric in-flight emergencies occur at a significantly lower rate 
than those of adults. Data from 2019 suggests pediatric emergencies comprise 
approximately 15% of all in-flight medical events, higher than prior estimates which 
were closer to 11% [1-3]. Some of the most common ailments encountered include 
gastrointestinal issues, infectious symptoms, allergic and respiratory illnesses, sei- 
zures. and injuries [1]. This chapter will review the special considerations of the 
neonate, pediatric-specific responses to a variety of conditions, how to estimate 
weight, and utilization of accessible resources including altering the available sup- 
plies to accommodate a smaller patient. 

When dealing with children, it is crucial to remember that a factor in pediatric 
emergencies is also management of the parent or guardian who is present. This 
individual is a responding provider’s resource for most, if not all, of the medical 
history and description of the events leading up to the present need for medical 
attention. Controlling the scene during an out of hospital event is always a chal- 
lenge, but in the case of pediatric patients this difficulty may be compounded by 
difficult family members. 
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The Neonate 


A ground-based consultation service that provides medical advice to approxi- 
mately 10% of global air traffic has reported in-flight labor and delivery to occur 
approximately five times per year [4]. While this is a rare occurrence, the infants 
born in this setting are at higher risk than a typical birth. For delivery-related 
treatment, please see Chap. 12 on obstetrics. Often, these deliveries are precipi- 
tous and may result in a premature infant. Many airlines will not allow women 
who are >36 weeks gestation to fly (earlier on some longer flights) though they 
may or may not require documentation to board the aircraft [2]. Presuming that 
patients are aware of their pregnancy, know their dates accurately, and are truth- 
ful in reporting, most in-flight deliveries will be preterm infants resulting in a 
different list of complications to be considered in the minutes following delivery. 
Neonates (<3 months of age) are managed very differently from other chil- 
dren [5]. 


APGAR Scoring 


Initial assessment of any neonate is based predominantly on appearance. A well- 
appearing infant is likely healthy. The APGAR scoring system is the generally 
accepted method to assess a neonate’s need for intervention [6]. 

APGAR scoring is completed at | min, 5 min, and 10 min post delivery 
(10 min is only necessary if APGAR is <9 at 5 min or there is a clinical change). 
Table 11.1 demonstrates the five assessed features in the APGAR score, along 
with associated points [6]. This is used as a general assessment of neonatal tran- 
sition. Most commonly, well infants will have persistent acrocyanosis (extremi- 
ties that are blue or cyanotic) and this can be normal in an otherwise well infant 
until 12 months of age. This means healthy infants rarely receive a score 
higher than 9. 

It is important to note that APGAR scoring is used for a general assessment of 
infant health, has several more subjective measures, and has not been proven to 
directly correlate with overall outcomes unless extremely low (<3) [7]. 


Table 11.1 APGAR scoring system, used for general newborn assessment [5] 


Points 
= 0 1 2 
Activity (tone) None _ Flexed extremities Moving extremities 
Pulse (beats/min) None <100 >100 
Grimace None Grimace Sneeze, cough, moves away 


Appearance (color) Blue Pink centrally, blue extremities Pink 
Respirations None _ Irregular, slow Regular 
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Neonatal Resuscitation of the Full-Term Infant 


A full-term infant is defined as an infant who has complete 37 weeks (approxi- 
mately 8.5 months) of gestation. In the full-term infant, the primary goals following 
delivery are stimulating the infant and providing warmth. In an austere environ- 
ment, warmth can be provided most effectively by drying the infant quickly and as 
thoroughly as possible, then allowing the bare infant to be placed directly on his or 
her mother’s skin, allowing for direct transfer of heat. Clothing should be covering 
the area not in contact with skin. Immediate clamping of the umbilical cord is not 
necessary and may be detrimental particularly in small or premature infants— 
delayed clamping is preferred [5]. This is particularly important during flights, 
where the ambient temperature is typically 19-23 °C (66.2—73.4 °F) with low 
humidity 6—14%, resulting in rapid cooling and evaporative losses for the infant [3]. 

Of the vital signs in a neonate, the heart rate will most directly influence manage- 
ment. If an infant appears cyanotic, is breathing, and has a heart rate above 100 bpm, 
blow-by air (or oxygen if air is unavailable) can be given to improve perfusion. 
Once pink, a trial without oxygen supplementation should be performed. Restarting 
oxygen is appropriate if the infant becomes dusky or cyanotic again. If initial blow- 
by therapy does not improve color, cautious positive pressure ventilation is indi- 
cated. The mask does not require oxygen to be effective—air alone can be used. 
This is an important feature, as providing unnecessary oxygen can result in retinal 
issues for a neonate. Additionally, positive pressure can result in a pneumothorax if 
used too vigorously, so ideally a PEEP valve would be used. If this is not available, 
pressure should stop upon visualization of chest rise, or with any resistance. 

Apnea or a heart rate below 100 bpm at 30 s of life should prompt immediate 
positive pressure ventilation using a bag-valve mask. A heart rate less than 60 bpm 
at | min of life indicates the need to initiate cardiopulmonary resuscitation (CPR). 
CPR in a neonate is ideally provided by two providers, with one at the foot of the 
patient with two thumbs placed on the sternum and the remaining fingers wrapped 
around the back. Compressions should be at a ratio of three compressions for each 
breath. Another method is for the provider to use an index and middle finger on the 
sternum for compressions. Due to the high ratio of 3 compressions for every 1 
breath, there is limited utility in attempting CPR as a sole provider. 

If a pulse oximeter is available, it is important to note that a neonate’s oxygen 
will not reach >90% until at least 10 min of age. Initial oxygen levels at 1 min are 
typically closer to 60% due to shifts in vascular flow, and gradually increase to 85% 
over the first 10 min of life. This makes pulse oximeter readings a poor tool for 
assessment of resuscitation effectiveness in a neonate. Pulse oximeter readings 
should always be obtained on the right hand, in order to assess a preductal saturation. 

In infants who have normal vital signs but are excessively sleepy or have low 
tone, hypoglycemia should be considered, particularly if the infant appears either 
small or large for their gestational age, or if the mother had diabetes. In these infants, 
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obtaining a blood sugar reading should be considered. Normal glucose in the neo- 
nate is above 30 mg/dL (1.65 mmol/L) until 24 h of life, at which point it should be 
above 45 mg/dL (2.5 mmol/L) [8]. If low, the infant should attempt to breastfeed if 
the mother is stable. If unable to breastfeed, IV dextrose can be given orally. If IV 
administration is necessary due to poor oral intake, solutions containing 50% 
Dextrose should not be given to neonates via IV. Instead, a 10% solution can be 
made by sterile mixing of 200 mL of 50% dextrose solution per 1000 mL of non- 
glucose containing balanced crystalloid fluid. 

If a pneumothorax is suspected, a flashlight may be placed against the neonate’s 
chest wall. If the chest wall glows, with transillumination (compare bilaterally), and 
there are no audible breath sounds, a pneumothorax should be highly considered. In 
these patients, a needle can be placed in the anterior second intercostal space at the 
mid-clavicular line on the side of the transillumination to relieve the pressure [5]. 

A vigorous infant, who appears well after delivery, is warm, breathing without 
grunting, pink, and able to nurse, may not warrant an expedited landing unless there 
are concerns for the mother’s health [5]. 


Neonatal Resuscitation of the Preterm Infant 


Preterm infant birth often requires additional resuscitative efforts. Infants between 
29 and 37 weeks of gestation may be approached in a similar manner to a full-term 
infant, with particular care taken to keep these infants warm. 

Infants less than 29 weeks of gestation have much higher evaporative cooling 
losses, and rather than immediate drying should be wrapped in plastic with any 
external warmth available applied to the infant. Food grade plastic wrap is appropri- 
ate with only the face left exposed. Again, the parent’s skin may be the best source 
of warmth. A blanket covering a heating pad may be of assistance, using caution not 
to cause a burn. There is some evidence this may be useful in neonates up to 
34 weeks of gestation and should be considered particularly if the ambient tempera- 
ture is low, as is common on commercial flights [9]. Respiratory compromise is 
extremely likely in this age range due to underdeveloped lung tissue. Gentle positive 
pressure oxygenation may be needed, with the smallest available mask. It may be 
necessary to turn an infant-size mask upside down (narrower nose portion placed on 
the chin with caution to prevent excessive pressure on the eyes) to obtain an appro- 
priate seal. Delivery of a premature infant should prompt a consideration for early 
landing, if possible. 

The heart rate is used to determine the need for respiratory or cardiac interven- 
tions. A heart rate of less than 100 bpm at 30 s of life is an indication for positive 
pressure ventilation. A heart rate of less than 60 bpm after 1 min is an indication to 
begin chest compressions. CPR is provided in a ratio of three compressions to one 
breath with two providers. 

Infants less than 23 weeks of gestation have limited survival in ideal settings, and 
exhaustive resuscitation should not be performed. In these cases, care should be 
focused on the mother [5]. 
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The General Pediatric Patient 
Respiratory Issues 


The most common cause of significant pediatric illness and mortality that may 
occur in flight is respiratory distress. Respiratory failure is the most common cause 
of cardiac arrest in children [10]. The anatomy of a pediatric airway is distinctly 
different from that of an adult. The trachea is shorter and narrower, characterized by 
an anterior pharynx and narrow cricothyroid membrane. Tonsils are also larger 
resulting in potential obstruction. Children typically have a much larger occiput 
than adults and may require more manipulation to allow an airway to be patent [11]. 
Responding providers should consider utilizing neck rolls (fabric rolled and placed 
under the shoulders to elevate the neck), and ensure the ear is at the level of the 
sternal notch without hyperextending or flexing the neck to keep an airway open for 
pediatric patients experiencing respiratory distress or arrest. Respiratory rates are 
expected to be higher in children than adults (see Table 11.2) [10]. 

Asthma. Asthma is one of the most common chronic illnesses of pediatrics with 
over six million US children living with asthma. The medical management of 
asthma is, fortunately, the same for adults and children. A patient will often present 
with subcostal, supraclavicular, or intra-costal retractions, with nasal flaring and 


Table 11.2 Weight estimations and vital signs based on age [8]. These are estimates and clinical 
judgment should be used to avoid overdosing medications. Weight in pounds is included to help in 
cases where parents know the child’s weight but should never be used for calculating doses. For 
patient safety, if you know the child’s weight and it is between two weight groups, use the 
lower number 


Estimated weight Estimated weight Heart Low systolic Respiratory 


Age in pounds in kilograms rate blood pressure rate 

Neonate 7.5 lbs 3.5 kg 85-160 60 40-60 
1-2 month = _// lbs 5kg 85-160 70 30-60 
3-4 months 17 lbs 8 kg 75-190 70 30-60 
5-6 months 22 lbs 10 kg 75-190 70 30-60 
7-11 months 24 lbs 11 kg 75-190 70 30-60 
1 year 26 lbs 12 kg 75-190 72 24-40 
2 years 30 lbs 14 kg 75-190 74 24-40 
3 years 35 Ibs 16 kg 60-140 76 22-34 
4 years 40 lbs 18 kg 60-140 78 22-34 
5 years 44 Ibs 20 kg 60-140 80 18-30 
6 years 52 lbs 24 kg 60-140 82 18-30 
7 years 61 lbs 28 kg 60-140 84 18-30 
8 years 70 lbs 32 kg 60-140 86 18-30 
9 years 79 lbs 36 kg 60-140 88 18-30 
10 years 88 lbs 40 kg 60-140 90 12-16 
11 years 97 lbs 44 kg 50-100 90 12-16 
12 years 105 lbs 48 kg 50-100 90 12-16 
13 years 114 lbs 52 kg 50-100 90 12-16 
14 years 123 lbs 56 kg 50-100 90 12-16 


>14 years 132 lbs 60 kg 50-100 90 12-16 
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expiratory wheezing. Younger children often have more dramatic retractions than 
older children or adults. In severe cases, only decreased breath sounds may be 
heard, with or without faint wheezing. A bronchodilator, typically albuterol, is the 
first line therapy. Dosing is identical for adults and children and can be administered 
via nebulizer or metered dose inhaler (MDI). If only an MDI is readily available, a 
spacer will allow for more medication to reach the lung tissue [12, 13]. This can be 
helpful in all age groups for optimization of medication but is especially important 
in children who are unable to coordinate inhalation with medication release. On a 
commercial aircraft, a foam or plastic cup can be used to aide in administration. A 
hole is made in the cup’s bottom and the mouthpiece of the MDI placed within the 
hole. Puffs of the MDI are administered while the cup’s rim is applied to the face 
and held in place for 10 s (repeat for each puff individually). In severe exacerbations 
of asthma, 10 puffs every 1 h are appropriate. If this alone does not improve symp- 
toms, other medications on board may be useful. If steroids are available, they may 
be given. If steroids are unavailable, or symptoms are severe despite other interven- 
tions, anaphylactic dosing of intramuscular epinephrine should be considered for 
patients in extremis [13, 14]. 

Anaphylaxis. Allergic reaction is common in all patient populations, but particu- 
larly in children, with the most common allergies being to peanuts, milk, and tree 
nuts. Five to six percent of all children have a food allergy. Insects, medications, or 
environmental exposures, such as latex, may also result in an allergic reaction. 
Patients may not always know that they have an allergy prior to anaphylaxis. The 
recognition of anaphylactic symptoms, along with prompt treatment with epineph- 
rine, is essential. Anaphylaxis should be considered if two or more organ systems 
are involved with symptoms—gastrointestinal, dermatologic, respiratory, or cardio- 
vascular. This can present in many different ways—wheezing, vomiting, diarrhea, 
syncope, lightheadedness, shortness of breath, hives, mouth or throat swelling, 
sneezing, irritability, eye itching or tearing, or a drop in blood pressure. Epinephrine 
can be given repeatedly every 10-15 min as needed to stabilize. Epinephrine should 
be 1:1000 concentration, with children weighing less than 30 kg receiving 0.15 mg, 
and those weighing greater than 30 kg receiving 0.3-0.5 mg IM epinephrine. 
Injection should be into the lateral thigh. This can be done through clothing if 
needed. Adjuncts to this include IV fluids (20 mL/kg bolus) for blood pressure 
improvement and albuterol for wheezing [15]. Diphenhydramine (or other antihis- 
tamines) may also be considered at a dose of 1-1.15 mg/kg [16]. 

Croup. Croup is acommon cause of respiratory distress in young children (often 
<2 years of age). It presents with inspiratory stridor, a brassy or “barking seal-like” 
cough. The typical treatment is steroids if available, ideally dexamethasone (given 
its long half-life). Nebulized racemic epinephrine can also improve symptoms, if 
available. Nebulized epinephrine can also be used and can be created by mixing 
1:10,000 2.5—5 mL with 3 mL saline added into the nebulizer. Unfortunately, these 
medications are less likely to be available aboard a commercial flight, so placing the 
child in a position of comfort, often in a tripod position with head in a sniffing posi- 
tion and providing oxygen, if available, may help. The cool air of the cabin may be 
in the patient’s favor in this situation [17]. 
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Foreign Bodies. Due to the differences in pediatric airways as well as their not 
unusual interest in putting items in their mouths, children are at higher risk than 
adults for aspiration and foreign body airway obstruction. Common items that 
become lodged in the airway include nuts, vegetables, fruits, toys, and pins [18]. 
The appropriate response to this situation depends on age. A patient that can 
breathe or speak should be encouraged to cough, but no other maneuvers should be 
attempted. The Heimlich maneuver (abdominal thrusts), while lifesaving, is not 
without risks, including abdominal or thoracic trauma [19]. In children under 
1 year of age, five back blows should be given with the child’s body across the 
thigh of the provider and the head lower to the ground than the body. The child 
should then be turned to a supine position, head down and supported, and five 
abdominal thrusts using two fingers applied just below the sternum should be pro- 
vided. In older children and adults, the traditional “Heimlich maneuver” should be 
used with five back blows followed by five abdominal thrusts with two hands 
clasped and applied just below the sternum. It is important not to do blind finger 
sweeps to prevent pushing an item further into the airway. If a patient becomes 
unresponsive, the responding provider should look for an object in the airway and 
begin rescue breaths [20]. 

Pneumothorax. A pneumothorax can occur in flight due, in part, to pressure 
changes in the cabin [21]. It should also be in the differential for a newborn infant 
who suddenly worsens, especially after receiving positive pressure ventilation. The 
treatment is based on severity of symptoms. In a patient with a pneumothorax who 
has significant respiratory distress, the placement of a large bore needle into the 
anterior chest wall’s second intercostal space in the mid-clavicular line on the side 
of the chest without breath sounds may result in improvement in symptoms. Patients 
should be placed on supplemental oxygen if available. Patients without significant 
distress can be placed on oxygen when available and have repeat examinations. 


Cardiac Issues 


Assessing cardiovascular status. The sphygmomanometer provided in the on- 
board medical kit is unlikely the correct size for a child. Due to the cuff being large, 
it will have limited utility in a small child; it will likely report falsely low blood 
pressures. A better marker of perfusion is capillary refill time of the extremities, 
which should be less than 2-3 s in a healthy patient. Heart rate is also important in 
pediatric cardiac assessment. Tachycardia will persist for longer in children than 
adults before hypotension occurs. If an accurate blood pressure can be obtained, the 
following calculation can be used to help estimate normal blood pressures: 


Systolic blood pressure = [ 70 + (age x 2) | 


Below this level should indicate hypotension. 
Typically, boluses of intravenous (IV) fluids are approximately 20 cc/kg, if the 
patient has no known cardiac illness or renal issues, causing increased risk for fluid 
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overload. If long-term care is expected in-flight due to inability to land, mainte- 
nance fluids can be calculated based on weight [10]. 


1. First 10 kg give 4 mL/kg/h 
2. Second 10 kg give 2 mL/kg/h (in addition to above) 
3. Beyond 20 kg give 1 mL/kg/h (in addition to above) 


For example, a 32 kg child would receive: 


e¢ 4mL/h for the first 10 kg = 40 mL/h. 

e 2mL/h for the second 10 kg = 20 mL/h. 
e 1 mL/h for the remaining kg = 2 mL/h. 
¢ Total = 62 mL/h. 


Cardiac arrest. CPR should be initiated in pulseless patients. If a child has poor 
perfusion, is unresponsive despite appropriate oxygenation, and has a heart rate less 
than 60 beats per min (bpm), CPR should also be started. This is in stark contrast to 
adult resuscitation, in which chest compressions aren’t typically initiated on patients 
with a pulse. CPR should be initiated at a rate of 100-120 compressions per minute 
with ventilations at a rate of 20-30 per min. Epinephrine should be given IV 
1:10,000 concentration 0.01 mg/kg every 3-5 min. 

Automated external defibrillators (AEDs) should be on most commercial flights. 
Ideally, both adult and pediatric pads will be stocked. If only adult pads are present, 
the responding provider may place the right chest wall pad onto the child’s back in 
the midline of the upper back, and the left chest wall pad placed anterior to the 
child’s heart [10]. 

Chest pain. Cardiac issues are extremely rare in children, and often have been 
diagnosed prior to flight. Unlike in adults, chest pain is more likely to be related to 
respiratory causes than cardiac, therefore aspirin is not indicated. Aspirin is contra- 
indicated in children due to the potential for the development of Reye’s syndrome. 
Nitroglycerin has virtually no indication in children. Pediatric chest pain patients 
should have a cardiac and lung examination with palpation of the chest. It is impor- 
tant to assess for wheezing, decreased breath sounds, or stridor. Chest wall tender- 
ness may respond to acetaminophen or ibuprofen [22]. 

Supraventricular tachycardia. Supraventricular tachycardia is the second most 
common arrhythmia in pediatrics, after sinus tachycardia, and occurs in much 
greater rates than other arrhythmias. This rhythm should be suspected in a pediatric 
patient with sudden onset symptoms of tachycardia accompanied by poor perfusion. 
Heart rates are typically 140-280 bpm, with higher rates in younger children [23]. 
While an electrocardiogram (ECG) is needed to truly identify this condition, in- 
flight this will not be available. However, high heart rates should put this on the 
differential, and some attempts to improve this rhythm can be attempted with mini- 
mal harm if this is not the correct diagnosis. Asking older patients to increase vaso- 
vagal tone (such as by instructing the patient to bear down as if having a bowel 
movement) may help. Applying an ice pack over the eyes and nasal bridge of an 
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infant can stimulate the diving reflex and may break this rhythm. While it may not 
be successful, this maneuver has little risk to the patient. If this rhythm is being 
considered, AED pads should be applied and an IV fluid bolus should also be con- 
sidered for other causes of tachycardia, including volume loss and infection [10]. 

Bradycardia. Bradycardia is rare in children, and often is related to respiratory 
issues. A complete heart and lung examination should be completed upon discover- 
ing bradycardia. It is also important to note that bradycardia is relative to the age of 
the patient: neonatal bradycardia is classified as heart rates under 100 bpm whereas 
bradycardia in a teenage would be less than 50-60 bpm. Respiratory support should 
be immediately provided if there are signs of poor perfusion despite ventilation and 
a heart rate of less than 60 bpm, CPR should be initiated. If this is persistent, intra- 
venous epinephrine and atropine can be considered. AED pads should be placed 
immediately [10]. 


Neurologic Issues 


Altered mental status. Change in mental status can have a variety of causes, 
including seizure, ingestion, endocrine abnormalities, trauma, or infection. Very 
few of these can be directly identified and treated effectively while in flight. Glucose 
level by fingerstick and basic airway and circulatory management should be pro- 
vided (see below under endocrine for hypoglycemia management) [24]. If ingestion 
is suspected, poison control can be contacted via the flight crew at 1-800-222-1222 
from anywhere internationally. Accidental alcohol ingestion by a child on-board 
should result in repeat glucose checks as this can cause hypoglycemia, particularly 
in young children, though glucometers are typically not included on-board com- 
mercial aircraft [25]. Providers should not attempt to induce vomiting as this may 
pose a risk to the patient’s airway. 

Seizures. Seizures are among the most common pediatric neurologic emergen- 
cies encountered [10]. Frequently, seizures self-resolve within 5 min and the child 
may be postictal for up to 30 min following the event. The patient’s airway and 
respirations should be monitored closely and assistance provided if the child is not 
breathing adequately. Hypoxia is also common in seizures, so providing oxygen 
when available during an episode. If available, a glucose level should be obtained 
along with IV access. For seizures lasting more than 5 min, administration of a 
benzodiazepine (if available) should be considered. Dosing for this is as follows 
(see Table 11.2 for weight estimations): 


e Diazepam: 0.05—0.3 mg/kg IV or 0.5 mg/kg PR (max 20 mg) 
¢ Lorazepam: 0.05—0.1 mg/kg IV or IM 
e Midazolam: 0.05-0.1 mg/kg IV or 0.1-0.15 mg/kg IM 


Stroke. Stroke is extremely rare in pediatrics and occurs at a rate of 
13/100,000 per year (higher in neonates) compared to the adult rate of 
175—200/100,000 per year. Symptoms can present with unilateral facial droop, 
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limb weakness, or slurred speech though these symptoms may be subtle based 
on age. Management of an acute stroke is similar to adults. Because hypoglyce- 
mia can mimic stroke and is easy to reverse, a fingerstick glucose level should 
be obtained if available. Hypoxia should also be considered, and oxygen pro- 
vided if oxygen levels are low. The patient should be monitored closely for any 
worsening symptoms while awaiting definitive medical care. Definite care 
should be provided as soon as possible, and ideally within 4.5 h of symptom 
onset for best outcomes. Diversion should occur if an acute stroke is suspected, 
and landing is safe [26]. 


Endocrine Issues 


Hypoglycemia. Hypoglycemia is particularly prevalent in neonates, especially with 
premature infants. This condition should be suspected in a tremulous, hypotonic, 
lethargic, or seizing infant. A glucose level diagnostic of hypoglycemia is based on 
age: In the neonate (up to 3 months) glucose levels, less 40 mg/dL indicate hypogly- 
cemia; otherwise, under 60 mg/dL is used as the low end of normal. 

If a hypoglycemic patient is alert, and protecting their airway, feeding should be 
attempted. In neonates, this includes formula or breastfeeding, and in older chil- 
dren, juice followed by a mixed protein and carbohydrate containing food item. If 
there is concern about the patient’s mental status, [V access should be obtained. 
Appropriate glucose dosing is based on age. High concentration glucose is not 
appropriate for all ages, and D50 can be caustic to vasculature in any age group and 
may result in reflex hypoglycemia after correction in neonates. In infants (under 
1 year) D10 is used, while in toddlers to school aged (1—12-year-old) either D10 or 
D25 is appropriate [10]. 

As mentioned above, a provider can make a solution of D10 by sterile mixing 
200 mL of 50% dextrose solution in 1 L of non-glucose containing crystalloid 
fluid (typically normal saline is available on flights). To make D25% mix, a 1:1 
solution of D50 and non-glucose containing crystalloid fluid. This should be given 
at a rate of 5-10 mL/kg of D10 for any age, and 2-4 mL/kg of D25 for those over 
1 year of age. 

Glucagon may also be available on a flight. This medication can also be dosed 
IM if IV access is not available. In children under 8 years old, the glucagon dose is 
0.5 mg IM. In patients over 8 years old, the dose is | mg IM. Note that this medica- 
tion has limited utility in young infants due to its mechanism of action. Infants 
under | year of age have lower glycogen stores in their livers, and therefore do not 
release glucose as readily with glucagon administration [10]. 

Hyperglycemia. The incidental finding of high blood sugar may occur with a 
vomiting patient or a patient with changes in mental status. Glucose levels greater 
than 250 mg/dL can result in significant pathology. Insulin administration for 
children with diabetes is appropriate if a reliable guardian knows the appropriate 
dosing and has the medication for a child. Otherwise, IV fluids with a bolus of 
20 mL/kg should be given very cautiously and slowly over 60 min (can be given 
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more rapidly in unstable or hypotensive patients), with a repeat fingerstick after it 
is completed (if a glucometer is available) [27]. This is a medical emergency and 
should result in diversion, when safe, or consultation with a pediatric endocri- 
nologist or intensivist, to prevent the most serious complications including cere- 
bral edema or death. 


Infectious Disease 


Typically, the role of an in-flight provider is not to make a definitive diagnosis, par- 
ticularly in the field of infectious diseases. Children often have high fevers from 
more benign sources than adults, therefore symptom management is the goal of in- 
flight care. Ibuprofen and acetaminophen should be considered for antipyretics. 
Many viral illnesses can have multiple symptoms including fever, cough, rhinor- 
rhea, congestion, vomiting, diarrhea, or rash. 

If sepsis is suspected, due to poor distal perfusion, tachycardia greater than 
expected for the level of fever (about 10 bpm for every |-degree Celsius), or persis- 
tent tachycardia with fever resolution, IV fluids should be administered. Boluses of 
balanced crystalloid fluids may be given in 20 mL/kg increments, up to a total of 
60 mL/kg, with close monitoring for fluid overload (palpation for hepatomegaly and 
auscultation for rales) [10]. Antibiotics are necessary—and unavailable in-flight— 
so diversion should be considered. 

An additional consideration is isolation. A pediatric patient that becomes sud- 
denly ill may be exposing other passengers to the same illness, and if he or she 
appears unwell, an attempt to isolate the patient should be considered. This can be 
a particular challenge on a flight, but a mask or cloth over the patient’s face may 
help protect other passengers from a coughing or sneezing child [27]. 


Gastrointestinal 


Vomiting is the most common pediatric diagnosis on flights [1]. It can be treated 
with an antiemetic. Ondansetron is often used as it can be given IV or by oral disin- 
tegrating tablet. These tablets can be split to give as little as | mg. Dosing is approx- 
imately 0.15 mg/kg. 

Many serious gastrointestinal emergencies cannot be definitively cared for 
aboard a commercial airliner. Important aspects of care include repeated abdom- 
inal examinations and symptomatic management. Abdominal pain may indicate 
a surgical need or something more benign, such as constipation. Repeat exams 
can help indicate improvement or localization of symptoms. Resolution of 
symptoms with normal vital signs may point to a less severe cause that can wait 
for standard descent. Persistent localized pain, particularly in the right lower 
and, less often, right upper quadrants, can signify appendicitis (common in 
pediatrics) or cholecystitis (rare in children) and may worsen over time as 
inflammation progresses. 
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Dermatologic 


Rarely does a rash require emergent care. Diphenhydramine, or a dye and color free 
body cream or lotion, if available, may relieve itching. Children often develop 
rashes in relation to viral illness, so a history of viral symptoms should be discussed. 
Anaphylaxis should be considered in acute onset urticarial rashes (see anaphylaxis 
management above). 

Burns. Burns may occur on an aircraft especially if hot beverages are consumed 
on board. Burn assessment and management differs slightly based on age. Clothing 
must be removed from the areas of the burn to avoid trapping heat against the body, 
which may result in increased depth of injury. Cool wet cloths may be applied 
directly to the areas of injury, and ice should be avoided, as it can result in additional 
tissue injury. Burn assessment includes estimating the percentage of the body 
burned. In all patients (adult and child), the patient’s palm and fingers is approxi- 
mately 1% of the body surface area. This can be used to estimate total surface area 
of burn. Use caution as this may underestimate the extent of the burn in children and 
overestimate in adult women [28]. Fluid replacement is crucial, even more so in 
children than adults, and particularly if the burn is estimated at greater than 10% of 
the body surface area. While the extent of replacement is debated, it is appropriate 
to give a 20 mL/kg bolus of normal saline. If landing time will be prolonged, the 
following formula can be used to administer appropriate fluids: 


Estimated fluid resuscitation = 4mL x weight (kg) x total body surface area of burn. 


Half of this volume is given over the first 8 h in addition to maintenance fluids 
(see calculations above), and the remainder over the following 16 h [29]. 
Indications for consideration of flight diversion include: 


e >10% total body surface area burns for all patients, 
e >5% burns for children or older adults 
— Face, hand, feet, or genital burns 
— Burns crossing joint line or circumferential burns 
— Any full-thickness burns 
— Inhalation or chemical burns 
— Electrical burns 


With large burns in young children, glucose should also be monitored due to 
drops from increased energy requirements in burn patients [11]. 
Trauma 
Major trauma is unlikely to occur on a flight, but minor trauma may occur. 


Children may not be required to have their own seat (more often on domestic 
flights) if they are under 2 years of age. This means they may be unrestrained and 
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more prone to injury during turbulent conditions [2]. Direct pressure is crucial 
when controlling bleeding. Immobilization of a presumed fracture or painful limb 
can be achieved via an improvized splint or sling made with any firm item and 
cloth. A rolled magazine works well for support. Children should have their heart 
rate and distal perfusion monitored closely for signs of shock. This is due to the 
low reliability of a blood pressure cuff and late finding of low blood pressure with 
pediatric hypovolemia [10]. 

A relatively common pediatric injury is nursemaid’s elbow, which is subluxation 
of the radial head. This occurs when a child has a pulling injury on the arm. It often 
occurs when a guardian lifts a child by his or her hands, the child suddenly drops 
down while holding a hand or railing, or when a caregiver is swinging a child. The 
history is crucial in the diagnosis of this injury. The child will usually refuse to use 
the arm, and while there will be pain with pronation and supination, there will be no 
focal areas of bony tenderness on examination. When this injury is suspected, treat- 
ment can be performed by hyper-pronating the arm or supinating the arm with flex- 
ion. If done with a hand on the elbow, a pop may be felt when the radial head is 
returned to position, and within 10-15 min, the child will begin to use the arm 
without hesitation confirming the diagnosis [27]. 
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Introduction 


During flights, medical emergencies involving pregnant women are unequivocally 
stressful events. A traveling physician can prepare for this scenario by understand- 
ing the pathophysiologic changes that occur 35,000 feet in the air, appreciating the 
various diseases that could manifest under these conditions, and anticipating the 
processes and complications of labor and delivery. With this background knowl- 
edge, one can feel prepared for the worst-case scenario when a flight attendant 
makes the dreaded announcement, “Are there any medical personnel on board?” 
Guidelines regarding travel by pregnant women vary between airlines and 
depend on factors such as the estimated due date and whether the trip is domestic or 
international. Some airlines require a pregnant woman to present written approval 
from her obstetrician prior to boarding the flight. The American College of 
Obstetricians and Gynecologists (ACOG) note that occasional air travel is safe for 
pregnant women. ACOG recommends against air travel in patients who have known 


S. K. Sommerkamp (<) 
Department of Emergency Medicine, University of Maryland School of Medicine, 
Baltimore, MD, USA 


University of Maryland Midtown Campus, Baltimore, MD, USA 
e-mail: SSommerkamp @som.umaryland.edu 


J. M. Franasiak 
Reproductive Medicine Associates of New Jersey, Basking Ridge, NJ, USA 


Division of Reproductive Endocrinology, Department of Obstetrics and Gynecology, Sidney 
Kimmel Medical College, Thomas Jefferson University, Philadelphia, PA, USA 
e-mail: jfranasiak @ivirma.com 


S. B. Dubbs - P. Kuppusamy 

Department of Emergency Medicine, University of Maryland School of Medicine, 
Baltimore, MD, USA 

e-mail: sdubbs @som.umaryland.edu; priya.kuppusamy @som.umaryland.edu 


© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023 119 
J. V. Nable, W. J. Brady (eds.), In-Flight Medical Emergencies, 
https://doi.org/10.1007/978-3-03 1-32466-6_12 


120 S.K. Sommerkamp et al. 


conditions that could be exacerbated by flying or who may require emergency care. 
The safest trimester to fly is the second trimester as most common emergencies 
occur in the first and third trimesters. They do note that women who are past the 
36th week of pregnancy may be restricted from flights, even in the absence of any 
obstetric or maternal conditions [1]. Ultimately, the choice to fly is made at the dis- 
cretion of the passenger since it is quite easy to conceal the exact stage of a preg- 
nancy. Thus, the number of pregnant passengers who travel on flights is likely 
underestimated. 

Medical emergencies arise during 1 of every 604 commercial flights [2]. 
Obstetrical and gynecological (OB/GYN) conditions account for less than 1% of all 
in-flight medical emergencies [3], but they are the reason for 18% of flight diver- 
sions [2]. Only cardiac emergencies are a more common cause. In addition, about 
one-fourth of in-flight OB/GYN emergencies result in hospital admission, compa- 
rable to the rates associated with stroke and cardiac symptoms [2]. According to 
MedaAire, which provides medical training and 24-h telephone consultation to 136 
airlines around the world, there were 259 reported OB/GYN in-flight emergencies 
in 2015, including 3 births and 12 women in labor, whose flights landed prior to 
delivery. This represents 0.67% of the 38,442 medical events handled by MedAire 
personnel that year. 

In the absence of pre-existing high-risk conditions, air travel during pregnancy is 
generally considered safe and presents little risk to a healthy woman and her fetus. 
However, pregnancy induces several anatomic and physiologic changes that must 
be considered during an in-flight medical emergency. As the uterus increases in size, 
it physically displaces other organs while pushing upward into the abdominal cav- 
ity. It also compresses the inferior vena cava, diminishing venous return to the heart, 
leading to a decrease in cardiac output and blood pressure and a mild increase in 
heart rate [4]. The enlarged uterus is also more susceptible to trauma and hemor- 
rhage. Venous stasis in the lower limbs leads to peripheral edema and predisposes 
pregnant women to thrombosis [5]. 

Pregnant women should take routine precautions to ensure a safe trip in the air. 
Choosing an aisle seat makes it easier to stand and walk around since periodic 
ambulation is recommended to reduce the risk of venous thrombus formation. 
Turbulence can occur at any time, placing pregnant women at increased risk for 
falls; therefore, a seatbelt should be always worn, positioned low, under the gravid 
abdomen and across the hips. Since trapped gas tends to expand at higher altitudes, 
pregnant women should avoid carbonated drinks as well as gas-producing food 
before the flight. On the other hand, drinking plenty of water will help prevent dehy- 
dration, which may cause uterine contractions [1]. 

Even when all the necessary precautions have been taken, in-flight emergencies 
still occur with very little to no warning. Health care providers who volunteer to 
respond to an emergency should first find a suitable space on the aircraft, where they 
can interact with the patient. Passengers can be moved around if necessary. Two 
places with extra room are the first-class section, with its reclining seats, and the 
galley area. The galley is the best location if oxygen administration is required. The 
Federal Aviation Administration (FAA) requires an emergency medical kit to be 
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kept on all aircraft with a payload capacity of 7500 pounds or more with at least 1 
flight attendant on duty. The kit must contain specific medications and equipment, 
including normal saline, gloves, a sphygmomanometer, intravenous line supplies, 
and scissors [6]. 

The following sections discuss specific in-flight obstetric and gynecologic emer- 
gencies: vaginal bleeding, labor and delivery, eclampsia, pulmonary embolism, and 
cardiac arrest. 


Vaginal Bleeding in Pregnancy 


Vaginal bleeding is common during pregnancy. It can be caused by something as 
benign as localized vaginal tissue irritation, or it could indicate a more pressing situ- 
ation, such as spontaneous miscarriage or early labor, with loss of the cervical 
mucous plug (known as the “bloody show”). Bleeding can also herald a life- 
threatening process, such as ectopic pregnancy, placenta previa, or placental abrup- 
tion. Patients with minor vaginal bleeding are not likely to seek attention during a 
flight. Those with heavier bleeding or hemorrhage will probably seek help, espe- 
cially if it is accompanied by pain, dizziness, or signs of a major complication. 

It is unlikely that a specific diagnosis can be made during the flight, unless the 
woman experiences a spontaneous abortion or delivers a baby. The decision regard- 
ing diversion of the plane for a pregnant woman with vaginal bleeding is, of course, 
complex and depends on factors such as the patient’s hemodynamic stability, the 
amount of hemorrhage, and the likelihood that the condition will worsen for the 
mother and the fetus. If the mother is hypotensive or tachycardic, exhibits pallor, 
displays altered sensorium, or has abdominal peritoneal signs, diversion should be 
discussed with the captain and ground support. In addition, an intravenous (IV) line 
should be established to administer fluids, and vital signs should be checked fre- 
quently, with the information being conveyed immediately to the ground trans- 
port team. 


Contractions, Labor, and Delivery 


Contractions. Contractions are common in late pregnancy. They can be either 
benign or an indication that delivery is imminent. Braxton-Hicks contractions are 
irregular, brief episodes of discomfort that do not result in change to the cervix. True 
contractions, signifying the early stages of labor, are characterized by regularly 
spaced uterine contractions with progressively increasing intensity and decreasing 
intervals. 

Rupture of Membranes. Leakage of fluid from the vagina is significant for 
several reasons. First, if the presenting part of the fetus is not fixed in the pelvis, the 
umbilical cord can become prolapsed and compressed. Second, labor is likely to 
begin soon after the membranes rupture. Finally, the risk of intrauterine infection 
rises if delivery is delayed after membrane rupture. If a pregnant woman suspects 
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that her membranes have ruptured during a flight, the best course of action is to 
monitor her closely for contractions and to seek obstetric care as soon as reasonably 
possible. 

Location and Positioning. The patient should be moved to an area with as much 
space as possible to accommodate her positioning as well as those assisting with the 
delivery. The aisle, entryway, and galley (or a flat-bed seat, if available) offer the 
best options. Makeshift privacy screens can be created with blankets and jackets. 
The mother should be placed in a dorsal lithotomy position in preparation for a 
high-risk in-flight delivery. 

Assess for Crowning. If possible, and after obtaining consent, a visual inspec- 
tion of the perineum should be performed. Delivery is imminent if the perineum is 
distended and the fetal scalp (or other presenting fetal part) is seen through the sepa- 
rating labia. 

Instruct Assistants to Gather Supplies for Delivery. In addition to items in the 
emergency medical kit, several other supplies must be located and/or improvized. A 
responding provider will need at least four towels, warm water, scissors and shoe- 
strings, binder clip, or other device to tie the umbilical cord. Some enhanced emer- 
gency medical kits may contain scissors, umbilical or Kelly clamps. If scissors are 
not included, non-medical ones can be used after being cleaned with alcohol. Other 
passengers may have these items in their carry-on baggage. 

IV Access and Oxygen. If time allows, it would be prudent to establish IV 
access so that the passenger can receive an infusion of fluids. The administration of 
supplemental oxygen should also be considered. 

Uncomplicated Spontaneous Vaginal Delivery. Fortunately, most spontaneous 
vaginal deliveries require minimal intervention and will proceed in a predictable 
sequence of events. The uncomplicated spontaneous vaginal delivery begins with 
the fetus in a vertex position (head down), with the occiput anterior (in relation to 
the mother). Routine or prophylactic episiotomy is no longer recommended. The 
patient should be encouraged to push with contractions and to rest between them. 
The provider assisting with a delivery should place the palm of one hand on the 
infant’s head to provide gentle support for its slow and controlled delivery and sup- 
port the perineum with your other hand. Once the head is delivered, the neck should 
be palpated to feel for a nuchal cord. If a loop is present, it should be loosened 
gently and slipped over the head. If this cannot be done easily, the cord should be 
double clamped or tied, cut in-between, proceeding quickly with the remainder of 
the delivery. Tight nuchal cords complicate approximately 6% of all deliveries but 
are not associated with worse outcomes than those without a cord loop [7]. 

After delivery of the head, the infant’s nose and mouth should be wiped with a 
warm, wet cloth. Suctioning is no longer routinely indicated. The fetus will then 
rotate spontaneously to be transverse, so that the occiput is lateral, against one of the 
mother’s thighs. In most cases, the shoulders are delivered spontaneously. Delivery 
of the shoulders can be aided by grasping the sides of the head and applying very 
gentle downward traction until the anterior shoulder appears beneath the pubic arch. 
The posterior shoulder is then delivered by gentle upward traction, and the rest of 
the body should follow without difficulty. If needed, moderate traction in the long 
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axis of the infant can be applied on the exposed trunk, taking care not to hook or pull 
on the axilla, as this can cause brachial plexus injury. Infants are extremely slippery, 
so one must be prepared to catch and transition the infant onto the mother’s abdomen. 

Traditionally, the umbilical cord is clamped and cut in the first few minutes after 
birth. If the kit includes surgical clamps, umbilical clamps, sterile scissors, or scal- 
pels, they may be used to cut the cord. Two clamps are placed approximately 2 cm 
apart, 4-5 cm from the infant’s abdomen. With the infant at or slightly below the 
level of the vaginal introitus, the cord is cut between the two clamps or ties. If no 
medical-grade clamps, scissors, or scalpels are available, strings such as shoelaces, 
binder clips, or other device can be used to tie off the umbilical cord. In this sce- 
nario, the goal is to do no harm. For the infant’s safety, the cord should not be cut 
because of the potential for inadequate closure of the umbilical stump. Definitive 
management of the cord can be completed when appropriate clamps are available. 

A newly born infant who is vigorous, i.e., has strong respiratory effort, good 
muscle tone, and a heart rate >100 beats/min, should be placed skin-to-skin on the 
mother’s chest for warmth. Additionally, the infant should be guided to the mother’s 
breast for latching and suckling, which will stimulate oxytocin release in the mother 
and thus uterine contraction and involution, preventing post-partum hemorrhage. If 
the infant is NOT vigorous, i.e., has poor respirations, color, or tone or has a heart 
rate <100 beats/min, neonatal resuscitation should be initiated immediately. 

Immediately after birth, the uterus should be palpated externally over the abdo- 
men to assess for size and consistency and to check for an additional fetus. If it is 
reasonably firm and bleeding is not severe, the provider should wait passively for 
signs of placental detachment, which can occur as early as | min, but usually within 
5 min after birth. Signs of placental detachment include a small gush of blood, 
increased firmness of the fundus, lengthening of the cord, and rise of the uterus into 
the abdomen. The mother should be instructed to bear down gently while the cord 
is held taught but without traction. Once the placenta has moved into the vagina, the 
cord can be guided gently with a twisting motion to remove it completely. Uterine 
massage after placental delivery, in addition to the oxytocin release due to nipple 
stimulation from nursing, will cause contraction of the uterus. Routine post-partum 
uterine massage is performed by placing pressure externally over the lower abdo- 
men over the uterine fundus with a closed fist in a repetitive massaging or squeezing 
motion. The tone of the uterus should be re-evaluated frequently until the plane 
lands and the mother and newborn are transported to the hospital. In the case of 
post-partum hemorrhage due to uterine atony, bimanual uterine massage is indi- 
cated (see below for description of the technique). 


Complications 


Complications of delivery include nuchal cord, umbilical cord prolapse, shoulder 
dystocia, breech presentation, vaginal lacerations, and post-partum hemorrhage. 
Management of a nuchal cord is described above. Umbilical cord prolapse may be 
seen or palpated on vaginal inspection. It is a true emergency, as the cord is easily 
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compressed by the fetus. The mother should be placed in a knee-to-chest or 
Trendelenburg position to relieve pressure on the prolapsed cord, followed by the 
insertion of a sterile gloved hand into the vagina to manually displace the fetal pre- 
senting part off the cord. In this case, flight diversion should be discussed with the 
pilot and be recommended if possible. 

Shoulder dystocia is a serious complication of the delivery process, in which the 
anterior shoulder is wedged behind the pubic symphysis. The umbilical cord 
becomes compressed, affecting fetal circulation. Any delay in delivery of the ante- 
rior shoulder should raise suspicion for shoulder dystocia. Several maneuvers can 
be used in this situation. The McRoberts maneuver is the initial technique of choice 
because of its relative simplicity and effectiveness. In this maneuver, assistants 
sharply flex the mother’s hips up onto her chest into an extreme lithotomy position, 
flattening the sacrum and shifting the pubic symphysis back to free the anterior 
shoulder. If this maneuver is not successful, it can be combined with suprapubic 
(not fundal) pressure applied with the heel of the hand to increase the likelihood of 
success. If the shoulder dystocia persists, other maneuvers, such as delivering the 
posterior shoulder first, episiotomy, or having the mother turn over on all fours, like 
she is about to crawl, may be attempted with the guidance of ground support. 

Breech presentations are some of the most feared and high-risk deliveries because 
of their rates of maternal and perinatal morbidity. Instead of a vertex lie, the fetal 
buttocks or legs are in the maternal pelvis. As the breech delivers, the umbilical cord 
becomes compressed, making delivery of the successively larger and less compress- 
ible parts even more time sensitive. The presenting parts should be allowed to 
deliver spontaneously, with only the mother’s pushing, up to the level of the umbi- 
licus. Premature traction increases the risk of head and arm entrapment, so it is best 
for the provider to maintain a “hands-off” approach until the umbilicus is exposed. 
At this point, the fetus will rotate spontaneously so that the sacrum is anterior in 
relation to the mother. Occasionally, the legs may need to be swept laterally to be 
freed completely, but again, this should occur only after the umbilicus has been 
delivered. Next, the bony pelvis should be grasped with two hands using a wet 
towel. Steady, gentle, downward traction should be employed until the scapulae 
become visible. The fetus should then be rotated 90 degrees to one side, exposing 
one of the axillae/shoulders anteriorly. This anterior arm is then easily swept out and 
delivered. To deliver the other arm, the fetus must be rotated manually 180° in the 
reverse direction. Once both arms are freed, the fetus will rotate so that the occiput 
is anterior. The Mauriceau maneuver is used to deliver the head. With the fetal body 
resting on the forearm of the provider, the index and middle fingers are placed over 
the maxilla to flex the head. The other hand grasps the fetal shoulders by straddling 
the neck, applying downward traction. Gentle suprapubic pressure should be applied 
by an assistant to keep the head in a flexed position since hyperextension of the neck 
can cause spinal cord damage. Once the suboccipital region is seen under the pubic 
symphysis, the body is then elevated toward the maternal abdomen to deliver the 
head, maintaining flexion at all times. 

Vaginal lacerations are common with spontaneous vaginal deliveries. To mini- 
mize bleeding, direct pressure should be applied with a gauze dressing or cloth. The 
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most common cause of early post-partum hemorrhage is uterine atony [8]. As previ- 
ously stated, the consistency of the uterus must be monitored frequently after birth. 
A soft, boggy uterus is initially managed with firm massage of the uterine fundus 
over the abdominal wall. In the hospital setting, uterotonics are employed as well. 
Oxytocin (Pitocin) is the first-line drug for post-partum hemorrhage secondary to 
uterine atony; however, it is typically not carried even in enhanced emergency medi- 
cal kits. As noted, endogenous oxytocin is released with nipple stimulation due to 
breastfeeding and can improve uterine tone. If routine uterine massage does not 
improve atony, bimanual massage should be employed by placing an additional 
closed-fist hand internally and applying firm pressure to the uterus internally in 
addition to externally over the fundus. Rarely, post-partum hemorrhage can be 
caused by uterine inversion. This should be suspected if the mother has severe pel- 
vic pain with brisk bleeding and the absence of a palpable uterus. The inverted 
uterus must be replaced manually as soon as possible, as hemorrhagic shock can 
ensue very quickly. 

Unfortunately, labor is not the only issue that pregnant women can have in the 
air. Women who are pregnant can get sick with many of the other ailments touched 
on in this book. Pregnant women are at increased risk for pulmonary embolism 
(PE). The hypercoagulable state of pregnancy, stasis, and the physiologic changes 
that occur during flight are a setup for deep vein thrombosis in a pregnant woman. 
In some cases, acute PE is difficult to distinguish from the shortness of breath that 
many pregnant women experience because of their decreased lung capacity caused 
by progesterone and elevation of the diaphragm by their enlarged abdomen. 
Pregnancy also increases the risk of cardiomyopathy and subsequent congestive 
heart failure. During flight, difficulty breathing can be assessed by measuring the 
respiratory rate, heart rate, and blood pressure. A physical examination should be 
completed, including visual inspection for accessory muscle use and auscultation of 
lung sounds to identify alternate diagnoses, such as wheezing in asthmatics or uni- 
laterally decreased breath sounds representative of pneumothorax, which would 
require another management approach. Supplemental oxygen should be adminis- 
tered to patients who appear uncomfortable. The patient’s respiratory status, vital 
sign stability, and clinical appearance should be the key factors in determining if 
flight diversion is warranted. Pregnant women should not be panting, diaphoretic, or 
appear to be in distress. 

Pregnant women in the late second to third trimester are at risk of pre-eclampsia 
or eclampsia. The symptoms of pre-eclampsia include swelling, malaise, nausea, 
vomiting, epigastric or right upper quadrant pain, headache, dizziness, and hyper- 
tension. Laboratory values key to the diagnosis are not going to be available mid- 
flight. Obstetric treatment of pre-eclampsia varies depending on multiple factors, 
including gestational age and severity of symptoms. Identification of these symp- 
toms and possible diagnosis should be communicated to the ground team and diver- 
sion should be considered. Recognition of pre-eclampsia is important, as it may 
develop into eclampsia which can cause seizures. A provider confronted with a 
seizing pregnant passenger should first control and open the airway, which can be 
facilitated by the jaw-thrust maneuver. Supplemental oxygen should be 
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administered to these women. Secondly, the mother and fetus should be protected 
from trauma. Ideally, seizure is treated with magnesium, which probably will not be 
available in a flight emergency kit. Benzodiazepine is a reasonable alternative if it is 
available. Finally, recommending diversion of the aircraft should be strongly con- 
sidered so that the mother can be assessed adequately, and the fetus can be delivered 
emergently. 

Unfortunately, a few women experience cardiac arrest during pregnancy. 
Cardiopulmonary resuscitation (CPR) and advanced cardiac life support for preg- 
nant women have a few differences from the procedures used in people who are not 
pregnant. The most important one is that an additional person is needed to displace 
the uterus off the inferior vena cava and aorta. This can be done by either pulling 
from the patient’s left or pushing from the right. It is essential to prevent downward 
pressure, as it can cause further compression of the venous return to the heart. 
Medications should be administered, and electric shocks delivered in accordance 
with standard protocols [9]. In-flight medical kits are equipped with these drugs. 
The success of CPR depends on high quality compressions. Compressions should 
be completed at a rate of 100 to 120 bpm and there should be complete chest recoil. 

Managing a pregnant patient in flight is undoubtedly a stressful situation. When 
possible, medical personnel on the ground should be consulted. The decision to 
divert the flight depends on many factors. If the mother is primigravid, and is not 
having regular and painful contractions, and if the flight is short, diversion might not 
be necessary. However, a multiparous woman having painful contractions every 
5 min is likely progressing toward delivery. In this scenario, diversion should be 
strongly considered. 


Gynecology 


The gynecologic emergencies that can occur during flight include significant vagi- 
nal bleeding, acute abdomen as a result of a gynecologic condition, and complica- 
tions of recent gynecologic surgery. One of the most critical decisions a volunteer 
health care provider must make is whether to recommend flight diversion for a criti- 
cally ill passenger. The decision-making process must include advising the crew of 
possible outcomes if flight diversion is not chosen [10]. With gynecologic emergen- 
cies, hemodynamic instability resulting from vaginal or intra-abdominal bleeding is 
the most pressing reason for flight diversion. These conditions are discussed in the 
following section. 


Female Pelvic Anatomy 


To understand the management of gynecologic emergencies, it is imperative to have 
a working knowledge of basic anatomy and physiology, which includes develop- 
mental changes in the female reproductive system from puberty to menopause. The 
female reproductive anatomy is designed for conception, implantation, gestation, 
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Fig. 12.1 Female reproductive tract. (Source: National Cancer Institute—public domain) 


and delivery of offspring. Thus, something central to the assessment of a gyneco- 
logic emergency is whether it is the result of or could be complicated by pregnancy. 
This question should be asked by emergency volunteers in every gynecologic 
emergency. 

The components of the female reproductive tract are depicted in Fig. 12.1. The 
ovaries, located on either side of the lower abdomen, produce a follicle that contains 
an oocyte. The ovulated ovum is fertilized by a spermatozoon in the fallopian tube, 
the conduit between the ovary and the uterus. The uterus is a muscular organ with 
an endometrial lining that is involved in either implantation of a pregnancy if one is 
present or menstruation in the absence of pregnancy. The most distal part of the 
uterus is the cervix, the opening between the vagina and uterus. 


Female Reproductive Physiology 


The hypothalamic-pituitary-ovarian axis is largely quiescent until the onset of 
puberty. Menarche (onset of menstruation) signifies that ovulation has occurred 
and, importantly, that pregnancy is possible; it typically occurs between the ages of 
11 and 16 [11]. Thus, age is an important component of any assessment. 
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The normal menstrual cycle is between 21 and 35 days in length. An oocyte 
develops during the first, or follicular, phase of the cycle and is then ovulated at the 
middle portion of the cycle. Fertilization occurs in the distal portion of the fallopian 
tube and then the developing pregnancy migrates to the uterine cavity, where it 
implants. In the event this does not occur normally, an ectopic pregnancy may result. 
If no pregnancy results from the ovulated oocyte, the second, or luteal, phase of the 
menstrual cycle will end, and menstruation will occur approximately 14 days after 
ovulation. Regular menstrual cycles occur in the absence of pathology until meno- 
pause, which on average occurs at age 51 (range, 44-58) [12, 13]. A brief menstrual 
history may elucidate important clues to the cause of the patient’s symptoms. 

Understanding these fundamentals of female reproductive tract anatomy and 
physiology is important when approaching an in-flight gynecologic emergency. The 
subsequent sections review common gynecologic emergencies that might arise. 


Vaginal Bleeding 


Normal menstruation produces vaginal bleeding that lasts 4 days on average (range, 
1-8) and a total volume of approximately 50 mL of blood (range, 20-80 mL) [14]. 
Vaginal bleeding indicating an emergency can occur in pregnant and non-pregnant 
women; therefore, if possible, it is helpful to ascertain if the woman knows if she is 
pregnant. 

Late-term causes of pregnancy-related bleeding are covered earlier in this chap- 
ter. Causes of early bleeding include ectopic pregnancy and miscarriage. Ectopic 
pregnancy often presents with lower abdominal pain in an emergent situation and is 
discussed in the acute abdomen section below. The complete evaluation of a woman 
with bleeding early in pregnancy requires advanced diagnostics that are not avail- 
able during a flight. This scenario may require diversion so that the woman can be 
taken to a hospital for definitive diagnostics and management. Non-pregnancy- 
related causes of emergent vaginal bleeding include severe menorrhagia and genital 
tract trauma. 

The initial approach should be an attempt to characterize the severity of the 
bleeding by its duration and volume. This characterization can be based on the num- 
ber of days or hours the bleeding has been occurring and how many pads or tampons 
were required over a set period of time (e.g., how many hours elapse before the 
woman needs to change a tampon or pad). Menorrhagia is defined as blood loss 
greater than 80 mL (challenging to quantitate in the emergent setting) [15]. In gen- 
eral, the need to change a pad/tampon every hour or the passage of clots more than 
1 cm, which is associated with menstrual blood loss of at least 80 mL [15], are 
symptoms warranting concern. 

The initial physical examination should focus on identifying hemodynamic 
instability which would necessitate an urgent need for diversion. A secondary con- 
cern is determining the cause of the bleeding in an effort to stabilize, if possible, 
while diversion occurs. Vital signs should be assessed to determine if she is hypo- 
tensive and/or tachycardic. Subjective signs, such as skin pallor, are an important 
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first step. Further evaluation of bleeding involves a pelvic examination with a specu- 
lum and imaging studies such as ultrasound, which need to be deferred until the 
woman can be evaluated in a hospital setting. It is important to not try to manually 
locate the source of vaginal bleeding because some conditions, such as placenta 
previa, could be worsened by blind probing within the vagina. 

Management of a hemodynamically unstable woman with vaginal bleeding during 
a flight involves supportive care and instructions to the crew that a diversion is strongly 
recommended. If intravenous tubing and fluids are provided in the in-flight emer- 
gency kit resuscitation, the volunteer responder can initiate their administration. 


Abdominal Pain of Gynecologic Origin 


The differential diagnosis for acute pelvic pain can be expansive. It includes pathol- 
ogy of gynecologic origin as well as urologic, gastrointestinal, vascular, and muscu- 
loskeletal origin. For the purpose of this section, we will focus on pelvic pain of 
gynecologic origin, specifically ectopic pregnancy (implantation of a pregnancy 
outside the uterine cavity) and ovarian torsion (twisting of the ovary on its vascular 
pedicle, restricting blood flow to the organ). The difference between these two 
might not be apparent during an in-flight emergency; however, requesting a careful 
menstrual history and noting a missed menstrual period should raise the possibility 
of pregnancy and thus ectopic pregnancy. 

The priority in this circumstance is to determine if a life-threatening (or, in the 
case of ovarian torsion, an organ-threatening) condition exists; if so, flight diversion 
should be recommended to the crew. The evaluation is similar to that described 
above for vaginal bleeding; however, it lacks assessment of external bleeding and 
requires the volunteer health care provider to consider internal abdominal bleeding. 

As mentioned above, a careful menstrual history will provide clues as to whether 
an ectopic pregnancy, and thus the possibility of intra-abdominal bleeding, is pos- 
sible. Additionally, previous ectopic pregnancy, reproductive tract surgery, and pel- 
vic infection all are risk factors for ectopic pregnancy [16]. A history of ovarian 
cysts may favor the diagnosis of ovarian torsion. 

The physical examination should focus on assessment of hemodynamic instabil- 
ity, similar to the examination for vaginal bleeding. Gentle palpation of the abdo- 
men to ascertain if the pain localizes to a specific quadrant of the abdomen can be 
helpful and also gives a sense of how much pain the woman is experiencing. If she 
is unable to tolerate even gentle palpation, an acute process might be occurring, so 
assessment in a medical facility with surgical capability is indicated. 


Travel After Gynecologic Surgery 
Gynecologic surgery can be divided broadly into transvaginal and transabdominal 


procedures. Transvaginal procedures such as dilation and curettage or hysteroscopy 
are, in general, minor surgeries performed on an outpatient basis. Transabdominal 
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procedures can be more complex and thus confer additional postoperative risk. All 
patients who have recently undergone surgery are at risk for several complications. 

In general, the major concerns after gynecologic surgery are bleeding, wound 
infection, and thromboembolic events. Most significant bleeding would occur in the 
immediate postoperative period and is thus not likely during a flight. Vaginal bleed- 
ing can occur remotely from a dilation and curettage procedure and, if present, 
would fall into the algorithm described above. 

Wound infections can occur long after surgery, possibly within a timeframe that 
may coincide with travel after surgery. Infections are not typically emergencies 
requiring diversion, other than necrotizing fasciitis, a bacterial infection that spreads 
quickly and can be life-threatening. This rare condition occurs after 0.18% of cesar- 
ean section deliveries [17]. Key features include tender, warm, red skin with pain 
out of proportion to touch, followed by a change to purple or grey with blistering 
and skin breakdown. 

Thromboembolism is the most likely postoperative complication and the most 
likely to require emergent intervention and flight diversion. This condition is dis- 
cussed elsewhere in this book. 

Obstetric and gynecologic emergencies represent a small proportion of in-flight 
calls but a large number of flight diversions. A solid fund of knowledge, asking the 
right questions, and being prepared for emergency situations can decrease stress on 
the provider and most importantly, be life saving for another traveler. 
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Introduction 


Airline travel has features that are perfect for spreading infectious diseases: the 
proximity of passengers in a confined space for a long time and the presence of 
travelers from every region of the world, some of which have high incidences of 
specific infectious diseases. Based on a review of 34 months of data from 5 domes- 
tic and international airlines, Peterson and colleagues [1] determined that the three 
most common situations prompting calls to a medical communications center were 
syncope (37%), respiratory problems (12%), and gastrointestinal symptoms (10%). 
Similar incidences were seen in other studies [2]. Any of those signs and symptoms 
could be associated with an infectious disease. The actual prevalence of infectious 
diseases among the 11,920 in-flight medical emergencies in Peterson’s study group 
was 2.8%. Focusing on children, Moore and associates [3] found that infectious 
diseases, neurologic emergencies, and respiratory tract problems were the leading 
reasons for medical consultation among the passengers transported by one airline 
between 1995 and 2002. 

Upper respiratory infections and influenza are spread by coughing and sneezing; 
therefore, droplet precautions are warranted. Most airlines recirculate 50% of cabin 
air, passing it through high-efficiency particulate air (HEPA) filters [4]. These HEPA 
filters are the same as those used in operating rooms [5]. Air flows downwards 
toward floor level outlets, and there is relatively little airflow forward and backward 
between rows [5]. Zitter and colleagues [6] found no difference in self-reported 
infection rates among passengers who had traveled in aircraft with that type of filter 
and those on aircraft with a single-pass cabin ventilation system. The long-held 
assumption that passengers seated more than three rows in front of or behind the 
primary patient have a lower risk of being infected than those closer to the sick 
person is now being challenged [7]. 
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The Centers for Disease Control (CDC) becomes involved in cases of infectious 
diseases during air travel when the organization is notified by a public health office 
at a county health department that a recent traveler has been diagnosed with a con- 
tagious disease. The CDC then determines if the person was contagious during the 
flight and, if so, then launches a search for the other passengers. The diseases most 
commonly investigated by the CDC are COVID-19, infectious tuberculosis, mea- 
sles, rubella, pertussis, and meningococcal disease [8]. 


Patient Evaluation and Passenger Protection 


During a flight, when evaluating a passenger suspected of having an infectious dis- 
ease, the person should be treated as potentially contagious, especially if he or she 
currently has a fever or recently had a fever lasting more than 48 h. Passengers with 
a fever and one of the following symptoms including a skin rash, difficulty breath- 
ing, persistent cough, decreased consciousness or confusion, new unexplained 
bruising or bleeding, persistent diarrhea, persistent vomiting, headache, or appears 
unwell should additionally be treated as potentially infectious. If possible, the 
potentially infectious passenger should be separated from other passengers by 6 feet 
[7]. General infection control measures should be followed, for example, treating 
body fluids as infectious, using good handwashing technique, and wearing dispos- 
able gloves. An alcohol-based hand sanitizer can be used if soap and water are not 
available. Disposable gloves are recommended when tending to a sick traveler, 
touching bodily fluids, or touching potentially contaminated surfaces. Gloves 
should be properly removed to avoid self-contamination and should be properly 
disposed of in a biohazard bag. If the patient has respiratory symptoms, face masks 
should be worn by the care provider, crew members who are assisting, and nearby 
passengers. Face masks are not needed for a sick traveler with nausea or vomiting 
or for those that cannot tolerate a face mask. Interactions with the patient should be 
brief, and a limited number of other passengers and crew should interact with the 
person. If possible, the sick passenger should be separated from other passengers by 
6 feet or move adjacent passengers without compromising flight safety or exposing 
additional passengers. Materials that come into contact with the symptomatic indi- 
vidual should be properly disposed. As appropriate, hand washing by the patient 
should be encouraged. 

After taking appropriate steps to limit one’s own exposure as well as that of the 
crew and other passengers, the responding provider should evaluate the passenger 
for airway compromise. If the patient has airway swelling, stridor, drooling, voice 
changes, or other significant abnormalities, a recommendation for flight diversion 
might be necessary. Patients with conditions such as croup may benefit from nebu- 
lized epinephrine. When assessing the patient’s breathing, the responding provider 
should evaluate for increased work, tachypnea, and breath sounds, using the stetho- 
scope in the medical kit. Passengers who are wheezing could benefit from metered- 
dose inhalers (MDIs) or nebulizer treatments. Supplemental oxygen can also be 
provided. 
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Patients who could be septic or hypovolemic from gastrointestinal illness or 
insensible losses might show signs of circulatory compromise. Those who can toler- 
ate oral fluids can be given oral rehydration fluid; for those who cannot, intravenous 
fluids can be started. 

Infectious disease in children is also not uncommon. They are prone to condi- 
tions such as upper respiratory infections and otitis media, which can be quite pain- 
ful during flight because of atmospheric changes, especially in children with poor 
eustachian tube function. A nasal decongestant might provide relief to some 
patients [9]. 


Emerging Infectious Diseases 


With the ease of international commercial travel, airlines have become vehicles for 
emerging infectious diseases. For example, during the Ebola outbreak in Africa, 
airlines became concerned about the transport of Ebola-infected passengers. The 
Ebola virus has an incubation period of 2—21 days, and its symptoms are nonspe- 
cific—fever, weakness, muscle pain, headache, sore throat, vomiting, diarrhea, and 
bleeding. Ebola is spread through person-to-person contact and by contact with 
body fluids or secretions from infected people. Providers responding to a passenger 
who might have Ebola or similar disease should wear a face mask and gloves. Cabin 
crew members should be instructed to follow International Air Transport Association 
guidelines, which include distancing the symptomatic person from other passengers 
as much as possible, using a face mask, using plastic bags to dispose of tissues, stor- 
ing soiled items as biohazardous material, and limiting contact with the symptom- 
atic person including use of gloves and hand hygiene. Ground authorities should be 
notified of the potential for passengers’ exposure to an infectious agent so that 
resources at the destination airport can be notified to make preparations to isolate 
the traveler on arrival [8]. 

COVID-19 has been and is our most current emerging infectious disease, that has 
demonstrated its ability to spread vastly as a life-threatening respiratory illness. 
Please refer to the Chap. 14 on “Emerging Infectious Diseases” for more information. 

Severe Acute Respiratory Syndrome (SARS) and Middle East Respiratory 
Syndrome (MERS) have also emerged as life-threatening respiratory infections. 
These conditions are diagnostically similar to other respiratory infections, with 
fever and symptoms such as cough, shortness of breath, and difficulty breathing. 
Radiographic images obviously cannot be obtained during flight. When a passenger 
from an area, where these conditions are endemic, experiences suspicious symp- 
toms, they should be isolated from the other passengers as best as possible. Ground 
authorities should also be notified to facilitate isolation upon landing and access to 
medical treatment. 

The Zika virus is a mosquito-borne flavivirus with the symptoms of fever, rash, 
conjunctivitis, muscle and joint pain, malaise, and headache. People can be infected 
with the virus through the bite of a mosquito as well as through sexual contact. The 
incubation period is currently unknown, but it is likely days. Pregnant women face 
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the biggest risk from this virus, in that it has been linked to microcephaly in new- 
borns. The treatment for Zika virus infection is typically supportive care. Because 
patients can present with a spectrum of nonspecific symptoms, health care providers 
should obtain a travel history. Depending on the person’s symptoms, it may be dif- 
ficult to distinguish Zika from other contagious infectious diseases. 

Measles is a serious and highly contagious condition that has been closely 
monitored by the CDC with increasing numbers of contact investigations since 
April 2018. The symptoms include a high fever, cough, runny nose, red, watery 
eyes, and a rash appears 3-5 days after initial symptoms [10]. The incubation 
period is 7—21 days with the contagious period from 4 days before to 4 days after 
the rash appears. Measles is highly contagious with disease occurring in up to 
90% of non-immune people who were in the same air space for up to 2 h. 
Vaccination with two doses of the MMR vaccine is 97% effective in preventing 
measles and one dose is about 93% effective [10]. When taking care of passengers 
with concern for measles, the sick passenger should be instructed to wear a face 
mask and minimize contact of other passengers and crew members. All body fluid 
should be treated as potentially infectious. Infants, those with a weakened immune 
system as well as pregnant travelers without known immunity from measles 
should be moved as far as possible from the infected individual as those individu- 
als are most at risk from potential infection. Measles is a reportable condition to 
the CDC [10]. 


CDC Reporting 


The US Code of Federal Regulations requires that a report be submitted by the air- 
line to the CDC after an encounter with a passenger exhibiting specific signs and 
symptoms of infectious disease [8]. The guidelines differ on domestic and interna- 
tional flights. 

The CDC requires reporting for passengers meeting certain criteria: 


e Fever (measured at >100.4 EF, feels warm to the touch, or gives a history of feel- 
ing feverish) accompanied by one or more of the following: 
— Skin rash 
— Difficulty breathing 
— Persistent cough 
— Decreased consciousness or confusion of recent onset 
— New unexplained bruising or bleeding (without previous injury) 
— Persistent diarrhea 
— Persistent vomiting (other than air sickness) 
— Headache with stiff neck 
— Appears obviously unwell 
e Fever that has persisted for more than 48 h 
e Symptoms or other indications of a communicable disease, as announced by the 
CDC through the Federal Register 
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If any reportable findings are identified, they should be communicated to the 
captain and ground authorities to facilitate appropriate isolation and medical treat- 
ment at the destination airport. As with all medical interventions, health care provid- 
ers should document the patient interaction. Inflight care of passengers with known 
or suspected infectious diseases is primarily supportive, with a focus on isolation 
and protection of the health care provider, the crew, and the other passengers. A 
recent order from the CDC requires airlines to collect contact information for pas- 
sengers traveling to the United States, retain this information for 30 days, and trans- 
mit this information to the CDC as needed in order to identify and locate passengers 
exposed to a communicable disease [11]. 


International Flights 


Many cases of infectious communicable diseases aboard international flights have 
led to contact investigations to determine the origin of the disease and to identify 
others who may also be at risk of infection. For example, a measles outbreak in 
Australia in 2010 was traced to a 12-h international flight to that country from South 
Africa [12]. Nine cases of measles were confirmed, five of them in individuals who 
had been on that flight. The initial (“index”) case sparked a contact investigation 
that complied with Australian, i.e., passengers two rows in front of and two rows 
behind where the index case as seated were traced, as were children 2 years or 
younger who were on the flight. The two-row proximity rule failed to identify other 
individuals who were infected, because they sat more than two rows away. 
Interestingly, two individuals who became infected on that flight were health care 
workers, who returned to their usual patient care duties after returning to Australia. 
The authors concluded that the 2-row rule should be re-evaluated and that other 
strategies for contact investigation should be designed, with consideration of cabin 
layout, flight duration, and the flight’s origin and destination as well as the associ- 
ated costs in relation to risks and benefits. 

Hertzberg and Weiss [7] calculated that passengers who sit within two rows of an 
infected individual have a 6% risk of becoming infected and those who sit beyond 
two rows have a risk of about 2%. Thus, priority should be given to individuals 
seated within two rows of the index patient, but passengers seated elsewhere should 
not be neglected. The authors also pointed out that exposure risk is influenced by 
movement about the cabin and sharing air for a long period of time. Other actions 
that can aid contact investigations and contain or prevent an outbreak include issu- 
ing public service announcements to educate communities about the symptoms of 
an infectious threat and reducing delays in the diagnosis of a communicable disease 
that has been brought into a community or country [12]. 

When an epidemic occurs, the international community often imposes restric- 
tions on travel and escalates screening processes. In 2014, the Ebola epidemic of 
West Africa generated preemptive measures to ensure the safety of the public. All 
passengers aboard flights associated with confirmed Ebola cases in the United 
States were included in contact investigations and tracings [13]. In addition, states 
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monitored individuals who had traveled from Ebola-affected countries for 21 days 
after their flight [14]. 

And more recently with the COVID-19 pandemic, countries have imposed strict 
travel restrictions, screening tests and protocols that are actively changing based on 
their cases and statistics. The travel health notices for each country are updated as 
their health statuses and regulations change, which can be accessed on the CDC 
website. 


Conclusion 


Among the multitudes of commercial airline passengers are people with infectious 
diseases. They pose potential risks to their fellow passengers and to the medical 
professionals who volunteer to help in times of emergency. Most passengers who 
experience acute manifestations of infectious diseases during flight require inter- 
ventions at the level of supportive care until the flight lands. Medical care providers 
should maintain close contact with the captain so that ground resources can be 
mobilized, if necessary, ready to receive the patient upon landing. Federal and inter- 
national guidelines require the reporting of encounters with patients with specific 
signs and symptoms. Compliance with those guidelines can be beneficial when the 
need arises to launch a contact investigation involving large numbers of people. The 
2-row focus of established guidelines warrants reconsideration because the charac- 
teristics of air travel (close quarters, shared air supply) extend the threat of exposure 
to all parts of the cabin. 
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Covid-19 


SARS-CoV-2 (the virus that causes Covid-19) is a novel beta-coronavirus that origi- 
nated in Wuhan, China, in December 2019 [1, 2]. Patients initially presented with 
prodromal symptoms such as fever and malaise with a portion eventually experienc- 
ing respiratory symptoms. Within weeks, the virus was exported to other countries 
including Thailand, Japan, Korea, the United States, Vietnam, and Singapore [2]. 
Airlines were targeted as vehicles for viral spread and travel was halted. 


In-Flight Covid Transmission 


SARA-CoV-2 is transmitted primarily by respiratory particles that are released 
when an individual coughs, sneezes, breathes, or speaks [1-3]. Direct transmission 
occurs when these respiratory droplets contact an individual’s conjunctiva, mucosa, 
or are inhaled. Indirect transmission occurs when respiratory droplets rest on sur- 
faces, known as fomites, an individual contacts the surface and then touches a 
mucosal surface [4]. Covid is acquired primarily by direct transmission. In addition 
to transmission method, it is important to understand the effect of droplet size on 
infectivity. These particles vary in size; aerosols are small particles, while droplets 
are much larger [1]. Particle size plays a role in transmission, as small aerosols can 
travel farther than larger droplets. Larger droplets contain more viral particles but 
cannot travel as far as smaller droplets due to gravity and inertial force. Smaller 
droplets, while containing fewer viral particles, assert their infectivity by their abil- 
ity to remain suspended in the air for a longer period of time. They can also evade 
barrier methods such as masking. On an aircraft, larger viral particles infect local 
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passengers. In contrast, smaller particles can be transmitted to passengers farther 
away in the aircraft, depending on the airflow of the plane. It is these smaller viral 
particles that account for greater infectivity on flights. Over time, these particles are 
either collected by the aircraft ventilation system or are inhaled by other passen- 
gers [2]. 

The likelihood that a passenger contracts Covid-19, not surprisingly, may also be 
related to their proximity on the aircraft to the index case. Seating class should also 
be taken into account. There is a greater likelihood that larger droplets will reach 
neighboring passengers in economy class compared to business class due to closer 
proximity [2]. There is no difference in the likelihood of a traveler contracting an 
infection based on their seat location in their row (window versus middle versus 
aisle) [3]. However, location in their seating class can make some passengers more 
susceptible to illness than others. Passengers located near high-traffic areas during 
the flight, such as restrooms and galleys, were more likely to contract Covid-19, 
than passengers in more remote areas of the aircraft [3]. 


In-Flight Covid Prevention 


Masking has played a critical role in limiting the spread of Covid both on the ground 
and in the air. In flight, at minimum, masking of a passenger suspected to have 
Covid is crucial to control the spread of infection. Masks provide greater filtration 
defense against the exhalation of infected particles compared to inhalation. More 
simply put, an infected individual’s respiratory droplets are better contained in their 
own mask. An analysis of droplet dispersion from infected masked and unmasked 
individuals on international flights revealed that masking an index patient would 
lead to only two passengers likely becoming infected. If all passengers were masked, 
this estimate decreases to 1 [2]. 

In addition to masking, prevention of the spread of Covid begins even before a 
patient boards the aircraft. Passengers who have tested positive for Covid-19 and are 
in a period of isolation should not fly on commercial flights until their isolation ends 
and their symptoms resolve. Passengers should be following the Covid mandates of 
their jurisdiction while having symptoms or testing positive. Covid-positive pas- 
sengers who have completed isolation and have symptom resolution should be eval- 
uated by their healthcare provider before traveling to ensure they are stable to travel. 
This limits the potential for clinical deterioration during flight. The temperatures of 
the passengers flying within the United States are not routinely checked. Airports 
have adopted contactless boarding and baggage processes to limit possible trans- 
mission. Aircraft should be sanitized thoroughly prior to boarding, to ensure pas- 
sengers and crew are protected against viral particles on fomites [5]. Still, despite 
aggressive measures, Covid spread does occur on aircraft, often in asymptomatic 
patients. 
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In-Flight Covid IIIness and Management 


If a patient with Covid-19 begins to decompensate in-flight, the patient should be 
moved to an area with more space. Ideally, participating staff and assisting passen- 
gers should don personal protective equipment to protect themselves from infection. 
Consider proning a patient with respiratory distress in-flight, if able, as this may 
improve oxygenation [6]. In Covid patients with known reactive airway disease, the 
dry air on the flight can lead to bronchospasm. At-risk passengers are advised by 
airlines to bring rescue medications on board with them, in case of an emergency. 
Most on board emergency kits contain a metered dose inhaler (MDI). If not avail- 
able, an ill passenger may be able to obtain an MDI from another onboard passenger 
though the cleanliness of doing so should be considered. 

Management of in-flight respiratory distress due to Covid-19 has not been well 
studied, as travelers with known Covid-19 are typically asked to avoid flying until 
their period of isolation ends. Therefore, discussion of the management of respira- 
tory distress during a flight will be limited to recommendations from prior respira- 
tory illness outbreaks, including influenza. On long-haul flights with cabin 
pressures equivalent to heights upward of 8000 feet, the concentration of oxygen 
in the cabin is equivalent to breathing 15.1% oxygen at sea level [7]. While this 
tends to be well tolerated by healthy travelers (baseline oxygen saturations of 97% 
decrease to 93%, on average), it can be detrimental to ill patients whose oxygen 
saturations are already on the cusp of needing supplementation at sea level. 
Commercial airlines offer supplemental oxygen in case of sudden depressuriza- 
tion. This typically amounts to 2—4 liters of supplemental oxygen [8]. If an airline 
does not carry supplemental oxygen or a patient’s oxygen requirements exceed 
the oxygen flow rate of the crew’s supply, other passengers may have their own 
oxygen equipment in the cabin to loan in case of an emergency. Consultation with 
ground-based medical control should be considered in all cases, as flight diversion 
allows for faster medical attention to the ill passenger and prevents further spread 
to the rest of the cabin. 

If a patient’s respiratory status further decompensates, an endotracheal airway 
may need to be placed. Many airlines’ in-flight emergency kits have pediatric and 
adult endotracheal tubes and a laryngoscope for intubation. A bag-valve-mask is 
also usually included. Pulse oximeters, while not an FAA requirement, have been 
added to the in-flight emergency kits on some US airlines. 

As of the writing of this chapter, Covid positive (or suspected Covid positive) 
patients traveling internationally to the United States require advance reporting (at 
least 24 h prior to arrival) to the CDC. Airlines must contact the CDC, and the CDC, 
in turn, will contact the traveler’s arrival jurisdiction to notify them of the ill patient. 
Airlines are also required to report instances of illness and/or death with Covid-like 
symptoms [9]. 
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Ebola Virus Disease 


Ebola, known as Ebola Virus Disease (EVD), was initially isolated in the Democratic 
Republic of Congo (DRC) in 1976. Named after the Ebola River, where the first 
outbreak occurred, EVD is comprised of a number of viruses including Ebola virus, 
Zaire virus, Sudan virus, Tai Forest virus, Bundibugyo virus, Reston virus, and 
Bombali virus. Only the Ebola virus, Tai Forest virus, Sudan virus, and Bundibugyo 
virus have caused disease in humans [10-12]. 

The initial source of Ebola is still unknown, but it is thought to initially infect an 
animal that, in turn, infects a human. Human-to-human contact then ensues. African 
fruit bats are thought to be involved in transmission and may even be the host [13]. 
Transmission from animal-to-human typically occurs through close contact with 
blood, secretions, organs, or other body fluids from an infected animal. Humans-to- 
human transmission occurs by direct contact via broken skin or mucous membranes 
with the body fluids or blood of infected patients [11]. 

The incubation period for the Ebola Virus Disease ranges from 2 to 21 days. An 
infected individual cannot spread the disease until they have symptoms. Initial 
symptoms include fever, fatigue, myalgias, headache, and sore throat [11]. Patients 
then have vomiting, diarrhea, a rash, kidney and liver failure, and often have bleed- 
ing (internal and external) [1 1—14]. Because transmission occurs via body fluids and 
direct skin contact, Ebola tends to be more heavily contracted during the later stage 
of the disease, when symptoms such as bleeding, vomiting, and diarrhea are more 
prevalent [15]. The most common cause of death is due to hypovolemia and septic 
shock [14]. Case fatality ranges from 25 to 80%, depending on the type of Ebola 
virus, with a higher fatality among young children and older adults [12, 14]. 
Diagnosis is by real-time reverse transcriptase-polymerase chain reaction (RT-PCR). 
These tests rely on higher viral loads and, therefore, are often negative within the 
first 3 days of infection. If negative, patients should be retested 3 days later to con- 
firm [14]. In Africa, prior to knowledge about disease transmission, Ebola was con- 
tracted via needle sharing in hospitals. A single needle was used for hundreds of 
patients, leading to direct inoculation. EVD has also been historically transmitted 
during burials due to direct contact with bodily fluids in the infected deceased 
patient. 

Keeping the mode of transmission in mind, with proper hand washing, utilization 
of PPE, and advanced knowledge of the disease, Ebola can be contained. Although 
Ebola is not thought to be an airborne virus, PPE protecting from mucosal transmis- 
sion is crucial. When available, N95 masks or powered air-purifying respirator 
(PAPR) should be used. If these masks are not available, traditional surgical masks 
can be used, but they should be fluid resistant. Goggles or face shields should be 
utilized to protect the conjunctival surfaces. Two pairs of gloves, with the outer pair 
having an extended cuff over the wrist, are recommended. Fluid-resistant gowns 
should be donned beneath all of the PPE, allowing for protection against disease 
spread [15]. Because of the extreme heat and humidity in Western Africa, in addi- 
tion to the lack of climate control in medical facilities, it can be challenging for 
medical personnel to maintain full contact precautions [14, 15]. Furthermore, access 
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to proper PPE in endemic areas can be limited, facilitating spread. Other methods to 
stop the transmission of Ebola included travel bans and airport screening during 
outbreaks. Reducing travel from endemic countries by up to 80% led to reduced 
importation of the virus by several weeks in the accepting country [16]. Departure 
screening at airports in endemic regions (Guinea, Liberia, and Sierra Leone primar- 
ily) led to a theoretical risk reduction of spread to non-endemic regions, which is 
particularly important in preventing spread to lower resource areas [17]. 


In-Flight Ebola Illness and Management 


It is unlikely that an initially healthy passenger on-board develops symptoms of late 
stage EVD (“wet symptoms” such as vomiting, diarrhea, bleeding) enroute to their 
destination without any known Ebola exposure, as patients would first experience 
the fever, myalgias, headache, sore throat, and fatigue associated with early EVD. If 
a patient develops symptoms of late stage EVD without the typical prodrome, other 
illness should also be considered. If a patient has had exposure to Ebola, either by 
living in, traveling in, or traveling through a country with endemic Ebola cases, had 
contact with someone infected with diagnosed Ebola, or has been identified by pub- 
lic health authorities as having contacted someone with Ebola, and they begin to 
have symptoms in-flight, they should be treated as if they have Ebola. If possible, 
the ill traveler should be separated from the other passengers by moving the patient 
to an open seat away from well passengers, even if they are not having gastrointes- 
tinal symptoms or hemorrhage. If the patient is exhibiting “wet symptoms,” they 
should be isolated, as described above, and staff should utilize proper PPE when 
managing the sick passenger. If possible, only one staff member should be dedi- 
cated to the sick passenger to prevent exposure to other airline personnel. There 
should be an emphasis on hand washing, both for the airline personnel and the 
patient. All waste should be considered a biohazard and disposed of according to 
airline protocol. Personnel should also inform the post-flight cleaning crew of the 
event to ensure that they use proper PPE and clean the aircraft in accordance with 
their protocols. If a crew member begins to experience Ebola-like symptoms in- 
flight, they should immediately separate themselves from the staff and passengers 
and refrain from serving food and beverages [18]. Early correspondence with 
ground-based medical consultations services is crucial, as consideration should be 
made for flight diversion, particularly if a patient is exhibiting “wet symptoms.” 
Similar to Covid reporting, airlines are required to notify the CDC of any ill pas- 
sengers either traveling to the United States or domestically within the United 
States, if there is a concern for Ebola [9]. 

Despite the Ebola Virus Disease originating in Africa, it became a global concern 
due to the availability of air travel to the continent. Ebola is highly contagious, with 
virus transmission primarily due to contact with infected body fluids. Limiting air 
travel to and from endemic regions and screening passengers prior to departure 
from areas of Africa with high case numbers has helped to limit spread. Furthermore, 
proper handwashing and appropriate PPE has impacted transmission. If a patient 
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begins experiencing Ebola symptoms in-flight, particularly “wet symptoms,” they 
should be isolated as best as possible away from other passengers. Flight crew 
should don PPE, and the in-flight waste should be disposed of properly, according 
to recommendations from the CDC. Medical control should be contacted immedi- 
ately and serious consider should be given to flight diversion to provide immediate 
medical support to the patient and prevent possible spread in the cabin. 
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Christina L. Tupe and B. Barrie Bostick 


Introduction 


The interior of an aircraft is an austere environment for health care providers 
responding to medical emergencies. Health care providers who voluntarily respond 
to an in-flight emergency must rely on basic assessment skills and the limited sup- 
plies available on-board commercial aircraft. An awareness of the conditions inher- 
ent to flight and the resources that are typically available can be of utmost importance 
to health care professionals. This chapter covers medical conditions not covered in 
previous chapters, such as acute urinary retention, anaphylaxis, gastrointestinal ill- 
ness, toxicologic emergencies, and traumatic injuries. 


Acute Urinary Retention 


Acute urinary retention (AUR) is the inability to voluntarily pass urine, which can 
lead to abdominal discomfort and distention. Its most common cause is benign pros- 
tatic hypertrophy (BPH) in older men, with an incidence of 2.2—6.8 per 1000 men 
between the ages of 40 and 79 years old [1]. In a survey conducted by the Aerospace 
Medical Association, physicians who provided in-flight medical care reported that 
AUR was the cause of 7 of 622 serious medical events (an incidence of 1%) [2]. A 
similar incidence of urological emergencies was found in a larger study looking at 
138,612 inflight emergencies, where 1368 were urological emergencies, 30% of 
which were related to urinary retention. While 60% of these urological emergencies 
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resolved in flight, 28% required medical evaluation and 1.5% resulted in flight 
diversions (urological in-flight medical events on commercial airlines) [3]. 

AUR can also be caused by pharmacologic reactions, neurologic impairment, 
infectious and inflammatory responses, and obstructive conditions. Pharmacologic 
reactions might be linked to anticholinergic agents such as scopolamine, which 
many passengers use to counter motion sickness. Those who wish to sleep during a 
flight might take antihistamines, which can also induce AUR. Other medications 
that have been linked to AUR include anti-arrhythmics, antidepressants, anti- 
hypertensives, antiparkinsonian medications, antipsychotics, hormonal agents, 
muscle relaxants, sympathomimetics, nonsteroidal anti-inflammatory drugs 
(NSAIDS), and opiate analgesics [2]. Neurologic, infectious, and inflammatory 
sources of AUR are less likely as acute presentations during flight, but health care 
providers should be mindful of these possible causes and their signs and symptoms 
so that they can be elicited during a history taking and physical examination dur- 
ing flight. 

Despite the cause of AUR, its acute presentation has a standard treatment: blad- 
der decompression with a urinary catheter. Decompression relieves pain and pre- 
vents further injury to the kidneys from obstruction. In the austere environment of a 
plane, a urinary catheter is probably not going to be available. Some international 
airlines include one in their medical kit, but it is not required by the FAA. When 
responding to an in-flight presentation of AUR, the physician can ask a flight atten- 
dant to make an announcement, asking if one of the other passengers has a catheter. 
Passengers who use a urinary catheter might be carrying extras and willing to share 
one; if a catheter is offered under these conditions, the health care provider should 
ensure that it is sterile. When using a catheter during flight, the balloon should be 
filled with water instead of air, because the gas can expand 30% in volume in the 
low-pressure environment at altitude [4]. The patient should be monitored for hypo- 
tension caused by post-obstructive diuresis. If it occurs, peripheral line placement 
may become necessary for intravenous (IV) administration of fluids. 

If a urinary catheter cannot be obtained, the medical care provider should alert 
ground authorities of the need for passenger treatment. It is unlikely that isolated 
AUR would constitute a reason for flight diversion. Ground-based medical consul- 
tation services can organize equipment and personnel to be available at the plane’s 
final destination. As for any medical evaluation and intervention provided during a 
flight, the care provider should ensure documentation, typically using forms pro- 
vided by the airline. 


Anaphylaxis 


Anaphylaxis is an acute life-threatening emergency which without proper treatment 
can lead to significant morbidity and mortality. Allergic reactions have an incidence 
of 1.6% of inflight medical emergencies and can range from localized hives to ana- 
phylaxis (AAFP). Anaphylaxis is an IgE-mediated allergic response that causes 
mast cells and basophils to degranulate and release histamine, tryptase, and heparin, 
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as well as leukotrienes and cytokines. The affected person experiences an initial 
reaction and then, possibly, a late-phase or delayed reaction from the additional 
release of inflammatory mediators (sometimes referred to as a biphasic reaction). 
The released substances can affect the cardiovascular, respiratory, gastrointestinal, 
integumentary, and central nervous systems. Cardiovascular symptoms include 
hypotension, lightheadedness, syncope, arrhythmias, and angina. Respiratory 
symptoms include airway edema and bronchospasm. Gastrointestinal symptoms 
include nausea, vomiting, diarrhea, and abdominal cramping. Effects on the integu- 
mentary system include the classic symptoms of an allergic reaction: flushing, ery- 
thema, pruritis, urticaria, and angioedema. Central nervous system manifestations 
include headache, confusion, and altered mental status [5]. 

The clinical diagnosis of anaphylaxis can typically be made when one of the fol- 
lowing three criteria is met. First, the patient has an acute cutaneous manifestation 
that leads to respiratory compromise or hypotension. Second, two or more systemic 
symptoms (cutaneous manifestations, respiratory compromise, or gastrointestinal 
symptoms) develop rapidly after exposure to an allergen. Third, the blood pressure 
drops after exposure to a known allergen (30% decline from baseline blood pres- 
sure) [6]. Most patients presenting with anaphylaxis will have cutaneous manifesta- 
tions which can help in making the diagnosis. 

Various agents can trigger anaphylaxis; medications and foods induce particular 
concern in the flight environment. Foods are the most common cause of anaphylaxis 
and are responsible for as many as 30% of fatalities [6]. Peanut and tree nut allergies 
have been well publicized as causes of anaphylaxis, not just by personal exposure 
but also by proximity to the allergens. Anaphylaxis can also be induced by medica- 
tions, particularly an antibiotic or analgesic that the affected person started to use 
recently. 

Anaphylaxis can represent a spectrum of disease. Its severity can change very 
rapidly. When assessing a patient with anaphylaxis during a flight, the health care 
provider should perform a primary assessment, including assessing the patient’s 
airway, breathing, and circulation. The airway can be affected by significant edema. 
The patient’s voice may become hoarse. Drooling or stridor are potential signs of an 
impending airway obstruction. Breathing can be affected by bronchospasm and the 
patient might be significantly hypotensive. Patients with severe allergic reactions 
can have an altered level of consciousness, and 90% of them have cutaneous mani- 
festations [7]. 

The mainstay of treatment for anaphylaxis is epinephrine, which the FAA 
requires in the enhanced medical kits provided by airlines. On US-based airlines, 
epinephrine must be available in both 1:1000 and 1:10,000 concentrations. Providers 
who suspect anaphylaxis in an adult should administer 0.3-0.5 mL of 1:1000 epi- 
nephrine intramuscularly (IM) every 5 min, titrated to effect (0.01 mg/kg in pediat- 
ric patients, to a maximum of 0.3 mg). Patients who do not respond to multiple IM 
injections and are still hypotensive may require an epinephrine infusion. An infu- 
sion can be made during flight, while waiting for landing, by injecting 1 mg of the 
1:1000 or 1:10,000 formulation into a | L bag of normal saline, yielding a final 
concentration of 1 mcg/mL. This solution can be run wide open as a temporizing 


150 C.L. Tupe and B. B. Bostick 


measure to maintain the patient’s hemodynamics [8]. Patients may also receive an 
antihistamine such as diphenhydramine, which is also required in the medical kit. 
This medication is available in oral and IV/IM forms and should be administered 
depending on what the patient can tolerate. Antihistamines are mostly effective in 
patients with cutaneous symptoms such as hives and pruritis. Overall, their role is 
limited in treating the cardiovascular and respiratory symptoms of anaphylaxis and 
providing antihistamines should not delay the administration of first-line treatment 
such as epinephrine. Traditionally, steroids are given to a patient in anaphylaxis; 
however, recent guidelines only recommend steroids as a third-line agent for patients 
with underlying asthma or shock. They are not required in the onboard medical kit, 
but they might be available from other passengers if needed. Patients experiencing 
bronchospasm can receive albuterol via a meter-dosed inhaler. If possible, a periph- 
eral IV line should be established so that IV fluids can be administered. The patient’s 
vital signs, including blood pressure, should be monitored for improvement with 
treatment. 

Flight diversion should be considered when a passenger experiences anaphy- 
laxis, especially if the person does not respond to treatment. The health care pro- 
vider should communicate with the crew and ground-based consultation services 
about potential diversion, which is ultimately the decision of the captain. Patients 
should be monitored for the duration of the flight because they can decompensate 
after initial improvement (a biphasic reaction). Anaphylaxis is a medical emergency 
for which responding health care providers with knowledge of the medications and 
treatment available can provide life-saving assistance. 


Gastrointestinal Illness 


Gastrointestinal illness and abdominal pain are common in-flight medical emergen- 
cies. Airline travel itself can precipitate abdominal pain, for example, with changes 
in cabin pressure, which can cause gas expansion and make intestines bloat. Reviews 
of in-flight emergencies show that abdominal pain, vomiting, and diarrhea account 
for 15—25% of situations warranting medical attention in the air [9, 10]. 

In the assessment of a passenger with abdominal pain, important things to note 
would be a recent abdominal surgery or endoscopic procedure, recent bowel 
obstruction, and current use of a urinary catheter or gastrointestinal tube. Due to the 
decreased cabin pressure, bowel gas can expand, causing abdominal pain; the 
expansion has been occasionally associated with perforation. For this reason, after 
endoscopic or laparoscopic procedures, patients are often instructed not to fly for a 
week to 14 days [11]. Just as bowel gas can expand, so can air within the balloons 
of gastrointestinal tubes or urinary catheters. The expansion can be controlled by 
replacing the air in the balloon with saline or water. 

For a passenger experiencing vomiting and diarrhea, volume status is the most 
important thing to assess after assessing Airway-Breathing-Circulation (ABCs). It 
is also important to ascertain how long the patient has been sick and to ask about 
recent urine output. Volume status can be assessed by physical examination by 
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checking mucous membranes, capillary refill, and heart rate. A sphygmomanometer 
can be used to assess blood pressure, but it may be challenging to auscultate over the 
sound of the jet engines. 

Responding health care providers should consider whether the patient should be 
isolated to protect the other passengers. Isolation is difficult to achieve within the 
confines of an aircraft, but it might be possible to move the patient to a “less popu- 
lated” area, such as near a lavatory, or to designate a row for the ill person to decrease 
the likelihood of contact with other passengers [12]. Since gastrointestinal illnesses 
are spread by contact, any attempts at isolation during flight could be beneficial. 

On-board medical kits typically contain an antiemetic medication, which may 
decrease the need for diversion [10]. Other potentially useful on-board resources 
include intravenous fluids and non-opioid pain medications. If the patient is hypo- 
volemic and can tolerate oral fluids, providers should consider the creation of a 
rehydration solution with salt, sugar, and water (a small amount of apple juice can 
be added). A common recipe is | liter of water, 6 tablespoons of sugar, and a half- 
tablespoon of salt—all of which are usually available on commercial flights. 

If a provider suspects the patient’s abdominal pain is related to gaseous disten- 
sion, descending to a lower altitude might be beneficial [12]. The captain and crew 
will make the ultimate decision, but the change can be suggested by the medical 
care provider. This conversation is particularly important if the patient is at risk for 
perforation. 

A patient who is vomiting and has diarrhea or abdominal pain should be evalu- 
ated similarly to what would be done in a clinic or an emergency department. The 
main goals during flight are to assess volume status, attempt to keep up with fluid 
loss, and decrease the risk of infectivity. 


Toxicology 


The incidence and causes of in-flight medical emergencies related to intoxication 
have not been well-documented. Some studies have a distinct category for 
intoxication-related incidents, whereas others combine them with psychiatric and 
agitation scenarios. Weinlich and colleagues calculated that although intoxication 
events account for 0.4% of total medical in-flight emergencies, they account for 4% 
of in-flight telemedicine calls [13]. Most intoxicated passengers on commercial air- 
liners have ingested alcohol, opioids, or sedatives. Passengers who appear to be 
grossly intoxicated are often not permitted to board aircraft. Also, a potentially dan- 
gerous level of alcohol intake on aircraft is relatively rare. In 2009, Girasek and 
Olsen published the results of their survey of 1548 airline passengers, intended to 
assess in-flight alcohol consumption. Ninety-five percent of the study group reported 
that they would have less than | drink an hour during their upcoming flights [14]. 
The average level of consumption reported among those who said they intended to 
drink was about 1.6 drinks. Factors that increased the likelihood of passengers 
reporting they would drink were being on evening or long flights, sitting in first or 
business class, traveling with friends, or having already consumed alcohol on the 


152 C.L. Tupe and B. B. Bostick 


day of the flight. Only a few passengers drink heavily while flying. A survey of com- 
mercial airline health and safety representatives at the 2018 Aviation Health 
Conference demonstrated 33% (7/21) reporting at least one known or suspected 
opioid overdose in the previous 12 months [15]. 

Air rage is defined as violent or disruptive behavior that affects the flight crew or 
passengers [16]. It has many potentially associated causes, including departure 
delays, underlying psychiatric illness, stress, and frustration. Airline employees 
often attribute air rage to intoxication, and sometimes the triggering event is the 
denial of alcohol service to a passenger. Other drugs, prescription or illegal, can also 
contribute to disruptive behaviors during flights [14]. 

A health care provider who volunteers to intervene in an emergency involving a 
potentially intoxicated passenger should begin the evaluation as in any other sce- 
nario, with an introduction, an offer to help the person, and an assessment of his or 
her airway, breathing, and circulation. Two likely scenarios that the provider is 
likely to encounter are a person being disruptive or someone who is difficult to 
arouse. For the disruptive person, several physical signs can suggest the intoxicating 
agent. Yelling with slurred speech, an ataxic gait, clumsiness, and constricted or 
normal pupils may indicate alcohol or benzodiazepine ingestion. Yelling with clear, 
pressured speech, dilated pupils, and sweaty, flushed skin is often associated with a 
sympathomimetic such as cocaine. For passengers who are difficult to arouse, the 
provider should assess if the patient is protecting his or her airway adequately. 
Hypoxia and hypoglycemia should also be considered and addressed. If a pulse 
oximeter is not available, oxygen can be administered empirically. If the onboard 
medical kit does not contain a glucometer, there is a high probability that another 
passenger on the plane will have one though clinicians should be mindful that clean- 
liness of supplies cannot truly be ensured. 

Treatment for intoxication will vary according to the assessment of the affected 
individual and the suspected agent. For the disruptive patient, the primary action is 
an attempt to de-escalate the situation [12]. If the patient cannot be redirected and is 
a danger to himself or other people, the next option would be restraints—physical 
or chemical. Most in-flight medical kits do not contain controlled substances such 
as benzodiazepines. However, if benzodiazepines are available, they are an option 
for sedation. If the person is believed to be intoxicated by alcohol or sedative medi- 
cations, then the medical care provider should be careful to not over sedate, even if 
the passenger is yelling and aggressive during the initial evaluation [12]. When 
necessary, physical restraints can be fashioned from available materials. For exam- 
ple, a disruptive patient can be tied to a seat with neckties and other soft materials 
available from the crew and passengers. A physically restrained person should be 
monitored for signs of hypoxia or overexertion caused by fighting against restraints, 
which could lead to metabolic acidosis. 

In-flight medical kits carry equipment that can be used to support an obtunded 
person’s breathing, if necessary. Vital signs should be monitored frequently, and the 
person should be observed until he or she becomes more alert. Documentation 
should be completed during this observation period. Reversible causes such as 
hypoxia and hypoglycemia should be considered. A survey of commercial airlines 
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reported that 35% (7/20) of responding airlines carried naloxone in the emergency 
medical kit [15]. 

Overall, the number of in-flight medical emergencies caused by intoxicated pas- 
sengers is low. The evaluation of these patients should be focused on their safety 
and the safety of others. In most cases, treatment will be largely supportive. 
Telemedicine via ground-based consultation services may be available to assist 
with the case. It is up to the pilot and crew to determine if flight diversion is 
warranted. 


Traumatic Injuries 


Minor traumatic injuries are common during flights, accounting for 7% of medical 
incidents. Most of these injuries are caused by objects falling from luggage com- 
partments (24%) and by hot liquid spills (24%) [17]. Passengers can also experience 
blunt-force injuries and lacerations resulting from turbulence [10]. 

When treating a passenger with any traumatic injury, the health care provider 
should be mindful of the mechanism of injury, as described by the patient, and of 
factors such as age, medical conditions, and use of anticoagulants. It is important to 
assess the patient’s airway, breathing, and circulation to determine if other injuries 
are present. Head trauma is a common occurrence in flight. The medical care pro- 
vider should obtain a history and perform a physical examination, with additional 
attention to a neurologic assessment. People who use anticoagulants or are intoxi- 
cated require close monitoring and reassessment. If intracranial injury is suspected, 
flight diversion should be strongly considered. 

Passengers with abrasions and lacerations can be treated by controlling the 
bleeding with direct pressure and bandaging. Suture material is not available in 
the medical kit, but initial first aid care is usually sufficient in the acute setting. 
Patients with extremity injuries should be assessed for neurovascular status. If no 
pulse is noted, any deformity should be reduced until a pulse is obtained. If a 
fracture is suspected, the limb should be splinted with materials found in the first 
aid kit and placed in a non-weight-bearing position. Patients with extremity inju- 
ries and those requiring splinting should be reassessed frequently for worsening 
pain, which might signal early compartment syndrome or a worsening condition 
requiring diversion. 

Scalds incurred during beverage service are very common during flights. The 
medical responder should note the degree and location of the burn(s) (especially 
to the face, hands, feet, genitalia, perineum, and major joints). Minor burns should 
be irrigated with clean water to remove debris and covered with bandages from 
the first aid kit. An initial evaluation will usually be sufficient until the passenger 
can receive additional care at the plane’s destination or diversion location (if 
warranted). 

Traumatic injuries can be extremely painful. Most airlines carry non-opiate anal- 
gesics, which may not provide sufficient relief but can be given to address the 
patient’s pain. 
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Conclusion 


The inflight environment presents specific challenges to medical care providers 
responding to emergencies and operating in a resource-limited, confined setting. 
Although it is impractical to prepare for every injury and illness that might occur 
during a flight, an awareness of the more common conditions that can affect airline 
passengers is beneficial. Knowledge of the medical supplies and management 
options that are available on most airlines helps health care providers have a level of 
preparedness to deliver care in this truly austere environment. 
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Preflight Medical Clearance: Non-urgent 1 6 
Travel Via Commercial Aircraft 


William J. Brady, Lauren B. Robison, and Jose V. Nable 


Introduction 


The medical guidance healthcare practitioners provide to patients and the related 
determination to allow individuals to fly non-urgently in a commercial aircraft is a 
complex process. The medical literature is quite robust in many areas of aviation 
medicine, including military applications and rotary wing civilian aeromedical 
evacuations. Unfortunately, in this area of aviation medicine, the medical literature 
supporting this medical decision-making is surprising limited; consequently, non- 
evidence-based recommendations and expert opinion are commonly encountered 
and frequently used by patients, travel specialists, airlines, and physicians. 

An estimated three billion people fly commercially each year; daily, approxi- 
mately eight million people are flying commercially [1]. Most of these trips occur 
for personal and/or leisure activities, followed by business-related excursions. 
Illness, whether a new event or exacerbation of existing syndrome, as well as trau- 
matic injury can occur because of a range of issues, both related and unrelated to the 
travel. Medical care provided at the location of the event most often provides appro- 
priate stabilization and treatment, allowing for ultimate discharge from inpatient 
management. In many such situations, the patient would like to return to their home 
region, not only for further medical care as but also for the psychological and 
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emotional need to be in a familiar location. Certain medical and traumatic events do 
not require significant consideration with regard to the commercial flight to the 
home region; non-concerning chest pain presentations, uncomplicated urinary tract 
infections, simple soft tissue injuries, and basic strains and sprains are examples of 
such medical entities in which commercial flight is likely quite safe from a medical 
perspective. In other situations, commercial air travel may be delayed or not advised; 
illustrative medical events which can preclude an early return flight include acute 
myocardial infarction (AMI), pneumothorax, stroke, operative orthopedic injury, 
and other procedures involving gas insufflation into a body structure or cavity. 
Travel is usually appropriate after a period of recuperation. 

Considerations which the physician must review, beyond those involving specific 
medical factors related to the illness or injury, include the length of the anticipated 
trip, the presence of medical escort during flight, and the ability of the aircraft to 
divert in the event of an inflight medical emergency. Medical considerations are 
numerous and discussed below in this chapter. And, of course, common sense, 
employed by the clinician, the patient, and the airline, is a very important consider- 
ation. It must be remembered that a commercial aircraft is not a medical mission [2, 
3]; thus, the expectation that trained personnel and appropriate equipment are pres- 
ent on such aircraft, allowing for the delivery of comprehensive medical care, 
is absurd. 

In a related chapter in this text, entitled Chap. 17: Preflight Medical Therapies, 
preflight preparations are discussed; such preparations can enable a patient with ill- 
ness or injury to fly with a reduced risk of adverse event occurring related to the air 
travel, both during flight and afterwards. Table 16.1 provides a review of the more 
common medical conditions, travel-related comments, and waiting days to initiate 
air travel. 

As preflight clearance is typically performed by a passenger’s primary care pro- 
vider, the incidence of such assessments is not clear. One airline in Portugal, which 
does such assessments on behalf of requesting passengers with its own medical 
staff, performed clearance on | of every 10,935 passengers [4]. 


Table 16.1 Appropriate waiting period and comments for various medical diagnoses based upon 
the literature, specialty and industry recommendation, and rational conjecture, assuming medical 
stability and ability to manage activities of daily living 


Waiting period to 
Medical diagnosis travel Comment 
AMI, uncomplicated, with 3-7 days e Absence of complications 
successful PCI Post AMI e Stable without recurrence of 
symptoms 
AMI, complicated 14 days e Absence of complications 
After resolution of — * Stable without recurrence of 
complication with symptoms 
stability 
Congestive heart failure Compensated & at * Consider supplemental oxygen 


baseline function 
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Table 16.1 (continued) 


Medical diagnosis 
Dysrhythmia 


Pneumothorax, spontaneous 


Pneumothorax, traumatic 


Pneumonia 


COPD 


Stroke, non-hemorrhagic 
Stroke, hemorrhagic 
Seizure 

Abdominal or thoracic 
surgery, major 
Laparotomy 
Colonoscopy 


Orthopedic casting 


Neurosurgical 


Ophthalmologic, retinal with 
gas insufflation 
Ophthalmologic, other 
surgery 

Tuberculosis 


Influenza 


Waiting period to 
travel 

Resolution of 
dysrhythmia 
with sustained 
stability 

7 days 

Post resolution 


14 days 
Post resolution 


Resolution of 
compromise and not 
contagious 
Compensated and at 
baseline function 
3-7 days 
Case-by-case basis 
Compensated and at 
baseline function 
7-10 days 

1 day 

1-2 days 

1-2 days 


7 days 


2-6 weeks 
7 days 


Resolution of 
symptoms 


Resolution of 
symptoms 
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Comment 
¢ Consider dysrhythmia and impact on 
patient status 


¢ Radiographic confirmation of 

pneumothorax 

¢ Active pleural drain with appropriate 

medical escort allows earlier travel if 

necessary or if prolonged time to 

resolution 

¢ Radiographic confirmation of 

pneumothorax 

¢ Active pleural drain with appropriate 

medical escort allows earlier travel if 

necessary or if prolonged time to 

resolution 

¢ Variable dependent upon pathogen 

and host condition 

¢ Consider supplemental oxygen 

e Variable dependent upon severity of 

COPD 

¢ Consider supplemental oxygen 

e Significant resolution of deficits 

e Absence of complications 

¢ Variable dependent upon type and 

extent of hemorrhage 

¢ Variable dependent upon type of 

seizure disorder and pattern of seizure 

¢ Variable dependent upon type of 

surgical intervention 

¢ Also consider underlying medical 

condition 

¢ Also consider underlying medical 

condition 

e 1 day for flights <2 h duration 

e 2 days for flights >2 h duration 

¢ Variable dependent upon type of 

surgical intervention 

¢ Also consider underlying medical 

condition 

¢ Variable dependent upon type of gas 

insufflation 

¢ Also consider underlying medical 

condition 

e Variable dependent upon type of 

infection, duration of therapy, and patient 

response 

e Atleast 1-2 days after resolution of 

symptoms, likely 7 days after onset 
(Continued) 
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Table 16.1 (continued) 


Waiting period to 
Medical diagnosis travel Comment 
Other infectious syndromes __ Resolution of e Variable dependent upon infectious 
symptoms syndrome 
Pregnancy, singleton, No travel after ¢ Confirmation of gestational age 
uncomplicated, no 36 weeks gestation —_ required by most airlines 
problematic obstetrical ¢ Consider earlier prohibition if history 
history of premature labor 
Pregnancy, multiple or No travel after ¢ Consider earlier prohibition if 
complicated 32 weeks gestation multiple pregnancy or complicating issue 
during pregnancy 
Psychosis or other disturbed Compensated andat ¢ Absolute contraindication to flight if 
thought condition baseline function decompensated psychosis or similar 
psychiatric syndrome 
¢ Certain psychosis patients, even if 
compensated and stable, may not be 
appropriate for flight 
Decompression illness 72h following e Flight prior to 72 h period after 
treatment therapy requires Dive Medical Officer 
evaluation 


General Considerations 


Multiple significant issues must be considered in the patient with acute, chronic, or 
acute-on-chronic medical conditions who is considering non-urgent, commercial air 
travel. First, the “medical common sense” approach will provide the most useful 
information to the clinician, coupled with an awareness of the austere nature of a 
commercial aircraft from the medical perspective. In other words, is the patient able 
to tolerate physical exertion and physical stresses of travel considering basic medi- 
cal principles and concepts? 

The clinician must also consider the physics of commercial air travel as they 
relate to the patient with potential or actual medical issue, including both the lower 
partial pressure of oxygen at elevation, despite the pressurized cabin, and the expan- 
sion of entrapped gas as described by Boyle’s Law in the various body cavities. 
Commercial aircraft typically fly at altitudes ranging from 28,000 ft. to 48,000 ft. 
Atmospheric pressure at sea level (0 ft. altitude) is 760 mmHg with a marked 
decrease as the altitude increases, reaching an atmospheric pressure of 140 mmHg 
at 40,000 ft. aircraft elevation. Of course, commercial aircraft cabins are pressurized 
with compressed atmospheric air; the cabin pressurization, however, creates an 
environment equivalent to only an altitude of 6000 to 8000 ft. altitude. In general, 
as the overall cabin pressure decreases, the partial pressure of oxygen also decreases 
with increasingly higher altitudes. A commercial aircraft flying at an altitude of 
40,000 feet with an equivalent cabin pressurization to 7500 feet, cabins are only 
pressurized to 585 mmHg, which is associated with a partial pressure of alveolar 
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oxygen of 59 mmHg. While healthy passengers can tolerate this decrease in avail- 
able oxygen without any medical consequences, patients with an acute or chronic 
cardiorespiratory illness can experience some degree of compromise, including an 
unsafe reduction in their ability to maintain an adequate oxygenation status. With 
the related lower partial pressure of oxygen, patients with compromised oxygen- 
ation ability may require supplemental oxygen or may not be suitable candidates for 
commercial air travel. Determining which patient will develop flight-related hypoxia 
can be challenging; of course, the ability to do so would enable the clinician to make 
an informed decision. 

Entrapped gas in a body cavity can also create problems during ascent or while 
at higher altitude. According to Boyle’s Law, as pressure exerted on an entrapped 
gas decreases, the volume of that gas will increase. This fact is of particular impor- 
tance to patients flying with entrapped air or other gas collection abnormally located 
in a body cavity or tissue space; the primary concern, of course, is expansion of the 
gas during ascent. Pneumothorax is an obvious concern. Other clinical situations 
include pneumomediastinum, pneumoperitoneum (spontaneous and iatrogenic fol- 
lowing surgery), pneumocephalus, otitis media, and gas installation-based interven- 
tions (e.g., gas installation in retinal detachment surgery); in addition, patients with 
cystic lung disease or pre-existing blebs could theoretically experience an expan- 
sion and rupture of these cysts during ascent or continued presence at high altitude, 
creating a pneumothorax. 

Commercial aircraft cabin is an austere environment from the medical perspec- 
tive. The ability to perform medical evaluations and care is quite limited. Flight 
attendants frequently have minimal medical training and on-board equipment is 
quite basic in most instances. There cannot be an expectation of appropriate medical 
care during flight, delivered by the various airlines or volunteer healthcare providers 
(i.e., fellow passengers who are healthcare providers and volunteer to assist). 
Medical escorts, healthcare providers with emergency medical capabilities, can be 
arranged for certain patients. Yet, only basic supportive care can be rendered by 
these medical escorts. 

Lastly, the duration and route of the flight must be considered. Longer duration 
flights are associated with prolonged exposure to physiological and psychological 
stresses; largely, the medical common-sense approach is the best guide, considering 
the flight’s duration. 

The flight’s projected route is also an important issue. Trans-oceanic and other 
flights traversing less occupied areas of the globe frequently do not allow for route 
diversion and emergency landing. It is strongly cautioned that non-urgent commer- 
cial air travel planning should not include the ability of the aircraft to divert and land 
in an emergency setting. If possible, these diversions can occur based upon the 
considerations of the aircraft’s commander, onboard volunteer healthcare provider, 
and ground-based medical advisor; yet, such diversions are potentially dangerous to 
the entire aircraft, can be extremely costly and inconvenient to the airline and pas- 
sengers, and may not provide therapy in a time-appropriate fashion. 
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Cardiovascular 


The range of cardiovascular abnormalities which will complicate the ability to fly 
commercially in a non-urgent manner is quite extensive; in fact, cardiovascular ill- 
ness represents one of the more frequent considerations in this “fit-to-fly” evalua- 
tion. Acute coronary syndrome (ACS), congestive heart failure, dysrhythmias, 
among other cardiovascular entities, are found frequently in the commercial avia- 
tion public. In fact, ACS and related complications are the leading cause of death 
while traveling abroad [5—13], particularly among older male individuals. 

Of these three cardiovascular maladies, ACS is perhaps the most frequently 
encountered and most widely studied. Yet, “widely” studied must be interpreted 
with caution. A range of professional associations have developed guidelines 
addressing non-urgent, commercial air travel for patients who have experienced an 
ACS event; these professional entities comprise a broad range of expert bodies, 
including the American College of Cardiology, the American Heart Association, the 
Aerospace Medical Association, the Aviation Health Unit, the British Cardiovascular 
Society, and the Canadian Cardiovascular Society [14-17]. While these guidelines 
exist, the recommendations are not supported by high-quality medical evidence, 
primarily because this evidence does not exist; in fact, previous literature reviews 
have noted the guidelines are ambiguous and frequently based upon opinion, con- 
jecture, and anecdote [6]. 

Seven studies, mainly focusing on acute myocardial infarction (AMI), make up 
the database for this issue [5, 7-12]. In the largest study to date [5], which included 
both unstable angina pectoris (USAP) and AMI, 288 patients were considered; it 
was noted that patients safely traveled on average 10.5 days after ACS event occur- 
rence; USAP patients traveled earlier (8.8 days) as compared to those experiencing 
AMI (11.8 days) [5]. In addition to these medical studies, several specialty societies 
and agencies have made recommendations on the waiting period prior travel after 
AMI. The various guidelines suggest a range of recommendations for the uncompli- 
cated AMI, from as early as 3 days to as late as 8 weeks after myocardial infarction, 
a span of over 7 weeks. In the patient who has undergone revascularization after 
AMI, the recommended days to travel range from 3 days to 2 weeks—once again, a 
span of 1.5 weeks [5-17]. For the complicated AMI, with or without completed 
reperfusion, the time to travel is measured in weeks, up to 6 weeks after the event 
[5-17]. These recommendations are not based upon high-quality evidence; rather, 
retrospectively obtained data as well as non-evidence-based opinion compromise 
these various recommendations. 

The clinician must consider several issues in the recently managed ACS patient, 
including the following issues: 


¢ type of ACS event (USAP, non-ST segment elevation myocardial infarction 
[NSTEMI], and ST segment elevation myocardial infarction [STEMI]) 

e diagnostic-management strategies employed (risk stratification, coronary angi- 
ography, and percutaneous coronary intervention [PCI]) 
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e the occurrence of complications (recurrent/ongoing chest discomfort, malignant 
dysrhythmia, cardiogenic shock, and stroke) 

e the planned distance and anticipated duration of travel as well as the ability to 
divert for inflight emergencies. 


The most opportune scenario, allowing for a short waiting period prior to travel, 
includes the stable NSTEMI patient who has undergone PCI and has a relatively 
short, non-oceanic flight planned. The opposite end of the spectrum, i.e., the worst- 
case scenario likely requiring a longer waiting period, is characterized by the com- 
plicated STEMI patient who did not undergo PCI and has planned a trans-oceanic 
journey. The former case likely does not represent a challenging consideration, nor 
is it associated with high risk; the latter case, however, has significant associated 
risk and represents a challenge for non-urgent repatriation via commercial air. See 
Table 16.2 for a comparison of recommendations. 

Considering the paucity of information, it may be more appropriate to base rec- 
ommendations from a two-step perspective with (1) the initial step detailing the 
type of AMI, including occurrence of complications, (2) followed by the type of 
reperfusion therapy (PCI, fibrinolysis, and/or CABG) provided to the patient. A 
separation, such as this approach, would allow the physician advising the recent 
AMI patient how to proceed regardless of the geographic location of initial care, 
assuming that a basic medical facility is present. 

In a general sense, the uncomplicated AMI which has been definitively managed 
with PCI likely can travel as early as 3—7 days post-infarction. Consideration of the 
distance and/or time of travel, however, must be made (relatively short travel period 
versus prolonged travel with trans-oceanic route); physiological and psychological 
issues can be significant in certain cases, particularly the long distance/long dura- 
tion trans-oceanic route. Complicated and/or non-risk stratified (i.e., non-reperfused, 
if needed) AMI scenarios likely require a longer waiting period, ranging from days 
to weeks; recommendations are best made on an individual basis in these more 
complex scenarios. 

Chronic ischemic heart disease considerations will largely be driven by the 
patient’s ability to ambulate, manage activities of daily living, and tolerate the psy- 
chologic stresses of air travel. 

Regarding the other cardiovascular maladies, “medical common sense” coupled 
with an awareness of commercial flight issue is likely the most appropriate guide to 
determining appropriateness of non-urgent commercial air travel. For the patient 
with compensated congestive heart failure (CHF), the clinician must consider the 
patient’s overall condition, including exercise tolerance and respiratory status. 
While supplemental oxygen can be safely used on a commercial flight, the clinician 
must recall that such aircraft have passenger cabins pressurized to approximately 
6000-8000 ft. elevation (i.e., the aircraft is not pressurized to sea level). Regarding 
dysrhythmias, no specific recommendation can be made, other than basic stability 
issues and the ability to manage oneself without advanced medical support for the 
duration of the flight. 
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Pulmonary 


Of the various pulmonary disorders, most can be approached from the “medical 
common sense” approach. For instance, the patient with acute conditions, such as 
pneumonia or pulmonary embolism, or chronic ailments, including asthma, chronic 
obstructive pulmonary disease, and the various interstitial lung diseases, must be 
viewed from the perspectives of tolerating the physical, physiological, and psycho- 
logical stressors associated with flight. The ability to tolerate both these stressors 
and the lower oxygen tension during flight are the primary determinants of advising 
safe travel. 

Pneumothorax has been the most extensively studied; unfortunately, the litera- 
ture base considering pneumothorax, however, is also extremely limited. An active 
pneumothorax is an absolute contraindication to non-urgent, commercial air travel. 
A recent review of the literature explores this issue [25]. A very common question 
posed to the clinician advising the pneumothorax patient asks the following: when 
is it safe to travel via commercial aircraft in a non-urgent fashion? At this point, it is 
difficult to provide an evidence-based answer to this most important question. Most 
experts as well as the limited data suggest that a 14-day waiting period from the 
time of pneumothorax resolution is most appropriate [25—31]; other recommenda- 
tions, however, suggest a considerably longer waiting period, from 3 to 6 weeks 
[25-31]. Importantly, the waiting period to safe air travel starts with documented 
resolution of the pneumothorax, determined by repeat radiography; “day one” of the 
waiting period is not the day of pneumothorax occurrence. Other clinicians make a 
distinction in time to travel safely via aircraft between the two primary pneumotho- 
rax presentations, spontaneous and traumatic: a 7-day waiting period for the spon- 
taneous pneumothorax and a 14-day waiting period is correct for the traumatic 
pneumothorax [25]. 

Two other questions are also frequently asked, addressing the type of definitive 
care of the pneumothorax and the requirement of medical escort during flight. There 
is no data, quality-based or otherwise, to answer the first query, the type of definitive 
care (i.e., drainage) of the pneumothorax and its impact on medical decision-making 
regarding appropriateness of non-urgent commercial air travel. Opinion-based 
thought suggest that initial pneumothorax treatment is best determined by the clini- 
cian; in most instances, the treatment does not impact the decision to non-urgently 
fly via commercial aircraft, assuming resolution of the pneumothorax and overall 
medical stability. 

The decision to furnish a medical escort is not addressed in the existing medical 
literature; opinion-based recommendations span the spectrum, from no escort to 
physician escort. “Medical common sense” suggests that an appropriately trained 
and equipped medical escort should be considered for patients traveling with con- 
tinued pneumothorax or for patients with a medical device in place (pleural catheter, 
chest tube, or relief valve). Until evidence is reported which can directly address 
this query, the most appropriate recommendation is to consider the patient’s situa- 
tion and duration of flight, among other factors. 
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In the patient with pneumothorax, the most rational approach to choosing the 
most appropriate time interval to non-urgent travel, based upon the limited literature 
base and opinion, includes the following [25]: 


e Spontaneous pneumothorax: The time to travel is 7-14 days after radiographic 
confirmation of pneumothorax resolution. 

e Traumatic pneumothorax: The time to travel is 10-14 days after radiographic 
confirmation of the pneumothorax resolution 

e Traveling with pleural drain in place: Patients can conceivably travel with an 
active pleural drain in place and accompanying medical personnel competent to 
operate the drain. 


Chronic obstructive pulmonary disease (COPD) represents yet another challenge 
to the clinician regarding appropriate commercial air travel. In addition to the physi- 
cal and psychological stresses of flight, the two issues of basic physics must be 
considered, particularly in those patients with significant COPD, including both the 
lower partial pressure of oxygen at elevation and the expansion of entrapped gas in 
the various body cavities [22]. 

The first goal is to determine if the COPD patient can tolerate the lower oxygen 
availability associated with flight. Determining which COPD patient will develop 
flight-related hypoxia can be challenging. Of course, the ability to do so would 
enable the clinician to make an informed decision. Depending upon the extent of 
anticipated flight-related hypoxia, the clinician can either advise against air travel or 
prescribe supplemental oxygen during the trip. Of course, the easiest approach is to 
consider the patient’s preflight oxygenation status. If the patient is unable to main- 
tain oxygen saturations greater than 92-94% while using supplemental oxygen at 
flow rates no greater than 4—6 liters per minute, than commercial air travel is not 
advised. Individual airlines have specific criteria regarding fitness to fly and oxygen 
saturations achievable while using supplemental oxygen. A simple mathematical 
calculation can also be used, employing the patient’s arterial Po, at sea level (or 
known elevation) and the expected Po, in the aircraft cabin, using 8000 ft. as the 
maximal elevation, assuming that the arterial-to-alveolar oxygen ratio remains con- 
stant at any altitude [22]. 

Some experts recommend the hypoxic challenge test, considered the gold stan- 
dard by many, which simulates the aircraft cabin environment in a laboratory set- 
ting. A mixture of oxygen-nitrogen is administered to the patient with arterial blood 
gas determinations. If the challenge results in an arterial Po, of less than 55 mmHg, 
supplemental oxygen is likely indicated during flight [18]. If the patient is unable to 
maintain appropriate oxygen saturations with supplemental therapy, has a calcu- 
lated anticipated oxygen desaturation, or fails the hypoxic challenge test, then non- 
urgent commercial air travel is likely contraindicated. 

The second consideration in the COPD patient occurs in the patient with signifi- 
cant emphysema-related blebs. As Boyle’s Law notes, as pressure exerted on an 
entrapped gas decrease, the volume of that gas will increase. This fact is of theoreti- 
cal concern for the COPD-related bleb, which can experience an expansion and 
rupture during ascent or continued presence at high altitude, creating a 
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pneumothorax. Some pulmonologists will advise against non-urgent commercial air 
travel in a COPD patient with significant blebs. 


Neurologic 


As is true with cardiovascular and pulmonary ailments, the literature does not provide 
significant guidance regarding neurologic conditions. Stroke (hemorrhagic and non- 
hemorrhagic), seizure disorder, and neuromuscular syndromes have minimal mention in 
various professional statements. First of all, “medical common sense” provides the best 
guide to determining safety and appropriateness of non-urgent, commercial air travel. 

Regarding non-hemorrhagic stroke, no scholarly literature addressing the safety 
and appropriateness of non-urgent, commercial air travel is found [32]. 

Several aviation professional groups, however, have made recommendation. 
These recommendations are opinion-based with no medical resource supporting the 
contentions. Considering these opinion-based recommendations, two groups 
refrained from making a specific suggestion about time to travel; none of these 
documents provided references for the recommendations or provided any discus- 
sion beyond the text included in the recommendation [15—17, 33-35]. For uncom- 
plicated stroke, specific recommendations call for “medical clearance” if traveling 
within 4-10 days of the event; in addition, nurse escort and supplemental oxygen 
are required if traveling within 2 weeks of stroke occurrence [15-17, 33-35]. 
Notably, the various medical professional groups for stroke (i.e., the American 
Academy of Neurology and the American Heart Association) provided no recom- 
mendations about travel after stroke. 

A summary of non-evidence-based recommendations regarding non-urgent, 
commercial air travel after non-hemorrhagic stroke includes the following [32]: 


¢ Time to travel for uncomplicated stroke: While no evidence suggests earlier 
travel is dangerous, prudent thought suggests a waiting period of approximately 
3-7 days (i.e., have entered the convalescent phase of illness and are medically 
stable to return home). Of course, other medical and complicating stroke issues 
must also be considered. 

¢ Complicated stroke with resolution of complication: Such a patient with resolved 
complication can likely travel by commercial air, as noted above regarding time 
to travel. 

¢ Persistent neurologic deficit: The specific neurologic deficits will determine 
appropriateness of flight, primarily focusing on medical safety, the patient’s 
ability to ambulate, and the management of activities of daily living dur- 
ing flight. 

e Persistent complication: The type and extent of complication (i.e., acute respira- 
tory failure requiring endotracheal intubation will preclude commercial flight) 
will likely determine the appropriateness of such travel. 

e Identifiable cause of the stroke: The specific cause will dictate appropriateness of 
air travel, based upon a consideration of the cause (i.e., left ventricular thrombus or 
atrial fibrillation with rapid ventricular response may preclude commercial flight). 
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e Inflight medical escort: It is suggested that a nurse escort is only required if the 
patient is unable to perform their inflight activities of daily living 

¢ Supplemental oxygen: If respiratory insufficiency has been diagnosed or is sus- 
pected based upon established medical history, then supplemental oxygen is 
likely appropriate. In the absence of diagnosed respiratory compromise, little 
benefit of supplemental oxygen is likely encountered. 


Hemorrhagic stroke, seizure disorder, and the various neuromuscular conditions 
must be considered from the following perspectives: likelihood of flight-related 
injury, ability to ambulate and manage activities of daily living, and the probability 
of needed urgent treatment during flight. 


Surgical/Trauma 


Post-operative patients must be considered for fitness to fly for several reasons, 
including general medical stability and appropriateness for the particular medical 
condition. In this instance, the “medical common sense” approach is most important. 

Another important consideration focuses on procedural issues related largely to 
gas insufflation and/or accumulation. Patients who have undergone laparotomy 
should avoid flying for at least 24 h; more extensive abdominal surgery should con- 
sider not flying for 7-10 days post-operative. Endoscopic procedures, such as colo- 
noscopy, are associated with a minimum waiting period of 24—48 h post-intervention. 
Orthopedic trauma and procedures resulting in cast application should have waiting 
periods of at least 1-2 days; the duration of the flight delay ranges from 24 to 48 h 
with shorter flights (less than 2 h duration) applying the 24-h delay, and longer 
flights using 48 h waiting period. The concern in this instance is related to potential 
air being trapped between the cast and the immobilized extremity. Of course, if 
medically prudent and appropriate from an orthopedic care perspective, the cast can 
be bivalved to prevent uncomfortable or dangerous gas expansion. Patients who 
have undergone neurosurgical procedures should delay air travel for 1 week due to 
the possibility of entrapped, residual gas within the cranial vault. Patients status 
post-ophthalmologic procedures and/or penetrating eye trauma should avoid travel 
for a similar time period. Interventions for retinal detachment usually involve the 
introduction of gas by intra-ocular injections and can cause an increase in intra- 
ocular pressure. Air travel should not be undertaken for 2-6 weeks depending on the 
type of gas used in the procedure [22]. 


Infectious Disease 


Infectious syndromes must be considered from the dual perspectives of the indi- 
vidual patient’s medical needs and the issue of contagion. The “medical common 
sense” approach will assist with an analysis of the appropriateness of non-urgent 
commercial air travel for patients with infectious disease. Medical stability 
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regarding the obvious issues, such as cardiovascular, respiratory, and neurologic 
systems, must be addressed and can certainly preclude non-urgent air travel. 
Common instances in which such air travel is not appropriate include the patient 
with bacterial meningitis, the patient with pneumonia complicated by respiratory 
compromise, the patient with pyelonephritis experiencing continued pain and 
inability to take nutrition, fluids, and medications orally, and the patient with soft 
tissue infection-related sepsis. Other situations in which air travel likely is not inap- 
propriate include uncomplicated infections such as cellulitis and cystitis, assuming 
the patient has been treated with antimicrobial agents for several days. 

Certain infections, while not always problematic from the medical care perspec- 
tive (i.e., they do not create medical instability), can create the situation in which air 
travel may be uncomfortable or dangerous. Otitis media, with middle ear effusion, 
and sinusitis with significant congestion can create discomfort and/or tissue damage 
related to the inability to equalize body cavity pressures as flight elevation changes. 

Equally important is the issue of contagion related to infectious disease. 
Communicable infectious illness may be transmitted to other travelers during air 
travel. Potential passengers who are either potentially or acutely ill with an infectious 
syndrome should delay travel until they are no longer contagious. In fact, a conta- 
gious illness should be considered at minimum a relative contraindication to non- 
urgent, commercial air travel. While a number of infectious illnesses have specific air 
travel restrictions, the more commonly encountered entities involve transmission via 
respiratory secretions, including tuberculosis, meningitis (caused by Neisseria men- 
ingitidis), measles, and influenza. Each of these infectious illnesses has been docu- 
mented to have spread among passengers during commercial air travel [36]. See 
Chaps. 13 and 14 for more specific information on this topic, including Covid-19. 

Although the risk of transmission of active tuberculosis (TB) is low, most experts 
advise that such patients with active illness should not travel. Mycobacterium tubercu- 
losis is transmitted via airborne respiratory secretions. If travel with a potentially infec- 
tious patient has occurred, then fellow passengers should be notified of potential 
contagion. People known to have active TB, however, should not travel by commercial 
air (or any other commercial means) until they are determined to be noninfectious. 
Specifically, the traveler with active TB illness is defined as a patient who demonstrate 
acid-fast bacilli on sputum analysis, particularly with an abnormal chest radiograph 
demonstrating cavitation or are found to have multidrug-resistant TB [36-38]. 

Meningococcal illness, specifically meningitis or disseminated meningococcal 
disease caused by Neisseria meningitides, is a contagious illness which is rapidly 
fatal. [Iness caused by N. meningitides is transmitted via respiratory secretions. For 
this reason, any patient with known or suspected illness must be absolutely prohib- 
ited from all commercial air travel. Fellow passenger exposures requiring chemo- 
prophylaxis include the following: household member or intimate contact traveling 
with the patient, traveling companion of patient, fellow passengers seated adjacent 
to the patient on prolonged flights (defined as longer than 6-8 h), and any passenger 
or flight crew member with exposure to respiratory secretions. 

Measles, another infectious illness with significant contagious potential, is 
caused by the measles or Rubeola virus. Measles is transmitted by either direct 
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contact with respiratory secretions or the patient with exposed secretion. The illness 
can also be spread via the airborne route by aerosolized respiratory secretions. 
Considering these two routes of contagion, patients with known or suspected mea- 
sles should be absolutely prohibited from commercial air travel. Recall that patients 
are contagious for at least 4 days before development of the characteristic rash; the 
contagious period also extends for at least another 4—6 days of active illness. Fellow 
passengers exposed to measles should be notified and unimmunized considered for 
prophylactic therapy. Post-exposure treatment, including either MMR (measles- 
mumps-rubella) vaccine (within 72 h) or immune globulin (within 6 days) can pre- 
vent active disease or reduce its severity [36, 39]. 

Influenza is one of several respiratory viruses with the potential for contagion in 
the confines of a commercial aircraft cabin. As with the other microbes discussed 
above, the influenza virus is disseminated via respiratory secretions, specifically 
large droplet secretions. The contagious period for the flu ranges from approxi- 
mately | day prior to the onset of symptoms up to a week of active illness. As with 
other syndromes noted above, patients suspected of influenza infection should be 
prohibited from commercial travel of any sort, including via air [23, 36]. 

Finally, SARS-CoV-2, the virus that causes COVID-19, is easily spread in an 
enclosed environment [23]. Clinicians should beware of the latest guidance from the 
Centers for Disease Control (CDC) regarding the appropriate timeline for when a 
person recently infected with SARS-CoV-2 should be permitted to fly. 

The CDC has the authority to limit or prohibit travel for individuals who are 
potentially contagious with an infectious disease. Two conditions must be met 
regarding the traveler with contagious illness for such CDC-based travel enforce- 
ment to occur, including: 


¢ Intention to travel by commercial air (domestically or internationally) or travel 
internationally by other means 
¢ Non-compliance with public health recommendations and mandates. 


For information regarding CDC’s travel restrictions, the clinician is referred 
to the Centers for Disease Control at = www.cdc.gov/quarantine/ 
Quarantinelsolation.html. 


Pregnancy 


Due to the increased risk of inflight active labor and delivery, it is prudent to avoid 
non-urgent commercial air travel after the end of the 36th week in uncomplicated, 
singleton pregnancies. In patients with multiple (i.e., twin, etc.) pregnancy, 
pregnancy-related complications, or a history of premature labor, such travel may 
be inadvisable at an earlier gestational age; in the case of multiple pregnancy gesta- 
tions, the limit for travel is generally 32 weeks. Many airlines require medical con- 
firmation of gestational age for pregnancies beyond the second trimester; this 
confirmation should include the expected date of delivery and any medical details 
regarding the pregnancy. 
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Psychiatric 


Psychiatric illness is a significant concern for the clinician advising the patient regard- 
ing non-urgent commercial air travel. Certain forms of psychiatric illness have a very 
low risk of associated inflight adverse events though the syndrome itself can be exacer- 
bated by such travel. Depression of many types likely will not produce problems during 
the flight. Patients should be made aware that the effects of travel-related stress, fatigue, 
delayed meals, altered circadian rhythm with sleep disturbance, disrupted medication 
regimen, and hypoxia can exacerbate the depression. The manic component of bipolar 
disorder, if severely decompensated, would be a potential threat to the patient and other 
passengers and therefore should represent an absolute contraindication to non-urgent 
commercial air travel. Psychotic illness can most certainly result in significant inflight 
adverse event. Therefore, acutely disturbed or psychotic patients should not travel via 
commercial aircraft. Patients with compensated psychotic disorders, such as schizo- 
phrenia, must be evaluated prior to travel to determine appropriateness of air travel. 
Fitness to fly is best considered on an individual basis with expert advice. 


Decompression Illness 


Divers who develop decompression illness (DCD are at risk for re-exacerbating this 
illness as a result of Henry’s law, which asserts that the amount of gas dissolved in 
a liquid is directly proportional to the partial pressure of that gas. There is unfortu- 
nately a lack of published studies to develop evidence-based guidelines on deter- 
mining an appropriate surface time interval before flight. According to Undersea 
and Hyperbaric Medical Society guidelines, patients who have undergone success- 
ful recompression treatment after DCI should wait a minimum of 72 h before flying, 
so long as they are experiencing no residual signs or symptoms. Otherwise, a trained 
diving medical officer should clear such patients prior to flight [40]. Diving safety 
organizations such as the Divers Alert Network also provide real-time advice to div- 
ers for medical clearance for flight [40-43]. 
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Preflight Therapies to Minimize Medical 1 7 
Risk Associated with Commercial Air 
Travel 


Sara F. Sutherland and Robert E. O’Connor 


Introduction 


In order to protect the safety of passengers, airlines can refuse to allow passengers 
with medical conditions to board a flight if airline personnel believe there is a risk 
for deterioration during the flight. Passengers who pose a hazard to other passengers 
may also be refused access. Airlines may require a physician to provide medical 
clearance if they suspect that a passenger is suffering from a condition that would 
be considered a potential hazard to the safety of the aircraft or adversely affect the 
welfare and comfort of the other passengers and/or crew. In addition, patients with 
a variety of medical disorders may be placed at greater risk of adverse health conse- 
quences unless pre-existing conditions are stabilized prior to departure [1]. The pur- 
pose of this chapter is to describe conditions that may place the patient at additional 
risk during flight, and outline steps to mitigate these risks. 


Considerations of Physiological and Psychological Stress 
Related to Air Travel 


While commercial aircraft are safe and reasonably comfortable, all flights impose 
some level of stress on passengers. Passengers must be able to walk relatively long 
distances, carry luggage, sit upright, and be able to navigate the aircraft cabin while 
boarding, flying, and disembarking. Many passengers sit in small, cramped spaces, 
which are not only uncomfortable, but may limit the ability to ambulate at regular 
intervals. 

Most commercial aircraft cabins are pressurized to the equivalent of 
6000-8000 feet above sea level during flight. To most travelers, the reduced cabin 
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pressure compared to sea level goes unnoticed. Travelers with underlying medical 
conditions, such as heart disease or chronic obstructive pulmonary disease (COPD), 
may experience an exacerbation of symptoms during flight. At sea level, atmo- 
spheric pressure is approximately 760 mmHg with the partial pressure of oxygen 
being 160 mmHg. At 5000 feet, atmospheric pressure is 630 mmHg with the partial 
pressure of oxygen being 130 mmHg. At 8000 feet, atmospheric pressure is 
560 mmHg with the partial pressure of oxygen being 120 mmHg [1]. In a person 
with normal respiratory physiology, at 5000 feet the PaO, is approximately 
75 mmHg, which corresponds to SaO, of 95%. In normal healthy passengers, the 
30% reduction in alveolar pO, goes unnoticed; however, in patients with diminished 
pulmonary reserve, this reduction can have significant clinical effects especially in 
patients who have a low alveolar pO, at baseline. Patients who reside on the steep 
portion of the saturation curve can experience significant reductions in oxygen satu- 
ration with small changes inspired oxygen. 

Most commercial jet aircraft recirculate approximately 10-50% of the air from 
the cabin by mixing it with outside air continuously. Recirculated air passes through 
high-efficiency particulate air (HEPA) filters every 2-3 min to remove dust, fibers, 
bacteria, and other microorganisms. Air from the outside is passed through a purifi- 
cation system to remove particulate contamination and odor causing compounds. 
The introduction of outside air at altitude makes the aircraft cabin very dry with an 
average of 10-20% humidity, which may cause patients to experience dryness of the 
eyes, mouth and throat, or airway [2]. 


Respiratory Disorders 


A preflight evaluation is important to assess the prospective passenger’s fitness to 
fly. Consideration of the ambient cabin pressure, duration of the flight, and destina- 
tion, along with an assessment of the functional severity and reversibility of respira- 
tory problems, should factor into medical decision-making regarding suitability for 
flight. Patients who require supplemental oxygen at sea level will require increased 
supplementation during flight. Patients who easily desaturate with activity or who 
run lower than normal oxygen saturations at sea level will also require supplemental 
oxygen during flight. However, the availability and cost of supplemental oxygen 
varies depending on the airline, even those airlines offering oxygen will usually 
only offer it during flight. In addition, oxygen carried on the plane is primarily 
intended for use through emergency drop-down masks that are released only in the 
event of an in-flight emergency, such as decompression of the cabin. Otherwise, a 
very limited supply of oxygen is available for use by passengers. 

Travelers who require oxygen continuously from point of origin to destination 
are best advised to make individual arrangements for continuous supplemental oxy- 
gen using portable oxygen concentrators. In general, the Federal Aviation 
Administration (FAA) prohibits the use of personal oxygen tanks during flight 
because compressed gas or liquid oxygen is defined as a hazardous material during 
flight. Most airlines require advance notification for the use of portable oxygen 
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concentrators on flights and require that the device is FAA-approved. Because in- 
seat electrical power is unavailable on the majority of aircraft, and even if available, 
is not guaranteed, passengers must travel with a supply of batteries that will have 
ample power for the full duration of the flight and all ground connections, in addi- 
tion to unanticipated delays [3]. 

Passengers and their medical provider should consult with the air carrier in 
advance to determine whether a medical certificate is required, and whether details 
on the use of oxygen need to be specified in advance. Strict instructions on the use 
of oxygen should include whether to be used for all or a portion of the flight, spe- 
cific instructions on the maximum oxygen flow rate in liters per minute, a statement 
on the expected total operating time of the concentrator, and instructions to ensure 
that there is an adequate battery supply [3]. It should also be noted that FIO, will 
vary significantly with the respiratory rate. 

Patients with a stable ground-level PaO, of greater than 70 mmHg, or a stable oxy- 
gen saturation of greater than 94%, should not require in-flight medical oxygen ther- 
apy. A practical fitness to fly test is to see if a patient can walk 50 yards at a normal pace 
or climb one flight of stairs without becoming severely short of breath. The hypoxia 
altitude simulation test (HAST) is not practical for most situations although it is worth 
mentioning. This test is performed by having the patient breathe an 85% nitrogen and 
15% oxygen mixture, which is intended to simulate the aircraft cabin environment at 
altitude. Indicators of the need for inflight supplemental oxygen include: PaO, reduc- 
tion to less than 55 mmHg and/or oxygen saturation reduction to less than 85% [4]. 

Patients with chronic respiratory disease, such as asthma and COPD, should be 
reminded to carry any vital medication, such as rescue inhalers and steroids, on 
board. Patients with chronic bronchitis and COPD are especially susceptible to sig- 
nificant hypoxemia during flight. Their ability to hyperventilate to compensate for 
hypoxemia is very limited, and clinicians should have a low threshold for recom- 
mending supplemental oxygen in these chronically compromised patients. 

Patients with active or contagious tuberculosis are unsuitable for commercial air 
travel until there is documented improvement with treatment to control the infec- 
tion. For the safety of other passengers, patients with viral infection such as influ- 
enza should postpone air travel until clinically improved. Patients with bacterial 
pneumonia may travel when clinically stable although they should be assessed for 
the advisability of supplemental oxygen during flight. Patients with a pneumothorax 
cannot travel by air due to the risk of the pneumothorax expanding during flight and 
possibly progressing to attention pneumothorax. Patients who have had a pneumo- 
thorax successfully drained can travel once in normal chest radiograph has been 
obtained; the specific waiting period for non-urgent commercial air travel is not 
known. Some stable patients with a pneumothorax may safely travel with a thora- 
cotomy catheter and a one-way Heimlich valve assembly [5]. Patients who have had 
uncomplicated thoracic surgery or had drainage of the pleural effusion should wait 
1-2 weeks before traveling and be assessed for the re-accumulation of fluid and/or 
the presence of a pneumothorax prior to departure. Patients with interstitial lung 
disease, malignancy, cystic fibrosis, neuromuscular disease, and pulmonary hyper- 
tension should be assessed for the need for in-flight medical oxygen. 
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Venous Thromboembolic Disease 


Long-distance travel is associated with a two- to four-fold increased risk of venous 
thromboembolic disease (VTE) and is highest in those who spend longer periods of 
time traveling [6-8]. The risk of VTE returns to baseline within the first 2 weeks 
after travel. 

Virchow’s triad describes three factors which increase the likelihood of deep vein 
thrombosis (DVT): 


1. areduction in blood flow 
2. changes in blood viscosity 
3. damage or abnormality in the vessel wall 


It is unlikely the travel per se increases the risk of VTE in individuals who other- 
wise are not at risk. It is also unlikely the hypoxia or hyperbaric changes themselves 
play a role in the etiology of VTE during travel. The following have been identified 
risk factors associated with travel-related VTE: 


* personal history of VTE (including travel-associated VTE) 

* recent major surgery (including hip or knee arthroplasty within 6 weeks) 
* recent trauma to the lower extremities or abdomen 

¢ hypercoagulable state 

* active malignancy 

* recent major surgery 

* pregnancy 

* age over 40 years 

¢ use of estrogen-containing oral contraceptives or other estrogen preparations 
¢ obesity 

¢ blood disorders affecting clotting tendency 

¢ prolonged immobilization 


General measures for the prevention of travel-associated VTE have not been for- 
mally studied. However, the following are frequently suggested by experts and guide- 
line committees for passengers during extended travel of 6 h or greater: frequent 
ambulation, every 1—2, frequent flexion and extension of the ankles and knees, avoid- 
ance of agents that may promote immobility or dehydration, such as drugs and alcohol. 

Graduated compression stockings (below the knee) that provide 15-30 mmHg of 
pressure at the ankle may decrease the incidence of DVT and lower leg edema asso- 
ciated with prolonged flights. The use of stockings appears to benefit travelers who 
are at high risk for VTE and has only minor benefit for patients judged to be at low 
risk for VTE [9]. 

Prolonged administration of pharmacologic agents, including aspirin, low molecu- 
lar weight heparin (LMWH), warfarin, factor Xa inhibitors, and direct thrombin 
inhibitors, have proven value in the prevention of recurrent VTE following an unpro- 
voked first event. There is very limited data, however, assessing the safety and efficacy 
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of pharmacologic agents administered for brief periods in preventing travel-associated 
VTE. One randomized controlled trial comparing LMWH, aspirin and no prophylaxis 
found that LMWH reduced the rate of VTE whereas aspirin had very little effect [10]. 
Patients who had undergone hip arthroplasty within 6 weeks of air travel who were 
administered warfarin or LMWH had a 1% incidence of DVT and a 1.5% incidence 
of bleeding. There were no cases of pulmonary embolus reported [11]. Based on lim- 
ited data, it would be reasonable to recommend that low-risk patients be advised to 
maintain hydration and avoid immobility, and that moderate risk patients add com- 
pression stockings to the low-risk recommendations. Patients at high risk should be 
assessed by their medical practitioner who may recommend LMWH in addition to the 
low and moderate risk recommendations on a case-by-case basis. 


Cardiovascular Disease 


Air travel exposes patients with heart disease to additional risk because of the 
reduced partial pressure of oxygen in the aircraft cabin. Passengers compensate for 
in-flight hypoxia by increasing minute ventilation, and most develop a mild tachy- 
cardia which increases myocardial oxygen demand. This increased heart rate may 
cause patients with cardiac disease to decompensate. Supplemental oxygen admin- 
istered during flight may help prevent this. Patient should be cautioned to carry their 
medications on board with them and to take them at prescribed intervals. 

Concerns for acute coronary syndrome (ACS) in patients traveling on commer- 
cial aircraft also include extremely limited access to medical care while in-flight. 
One retrospective study examined the incidence of in-flight adverse events among 
patients who were returning home after treatment for unstable angina pectoris or 
acute myocardial infarction. Subjects boarded the plane an average of 10.5 days 
after hospital discharge and experienced approximately 1% of incidence of minor 
in-flight events, namely, transient SVT, anxiety, diaphoresis, and chest pain [12]. 
This study would indicate that cardiac patients may safely travel aboard interna- 
tional flights following treatment for ACS. The role of preflight provocative testing 
was not addressed. Patients with uncomplicated percutaneous coronary interven- 
tions are low risk for travel by commercial airline once they remain stable and have 
resumed normal activities. They have no required waiting period [13]. 

Patients with stable congestive heart failure may safely fly; however, in-flight 
oxygen may be advisable for those with a New York Heart Association class III or 
IV CHF (i.e., those whose baseline PaO, is less than 70 mmHg). 

Cardiac surgery, including coronary artery bypass grafting, poses no intrinsic risk to 
passengers aboard aircraft. These patients should be assessed for the risk of barotrauma 
due to decreased atmospheric pressure and should be assessed for the possibility of 
pneumothorax or pneumopericardium prior to travel [5]. Pacemakers and implantable 
defibrillators pose a low risk for travel by commercial airline once the patient has been 
deemed to be medically stable. It is unlikely that airline electronics or airport security 
devices will affect these devices although questions related to interaction with electron- 
ics may be directed to the treating physician or the device manufacturer. 
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Pregnancy 


Despite there being a lower pressure, the cabin environment in commercial aircraft is 
not viewed as being hazardous during normal pregnancy. There is an increased affinity 
of fetal hematocrit for oxygen. Thus, the presence of a lower-than-normal maternal 
PaO, has very little effect on fetal PaO». Fetal monitoring during flight found there to be 
no change in fetal beat to beat variability, bradycardia, or tachycardia when compared to 
baseline. Mean fetal heart rate was within normal limits during the whole flight. Maternal 
heart rate and blood pressure increased, and PO, decreased significantly while PCO, 
remained unchanged. Respiratory rate showed a short increase during takeoff and land- 
ing but remained unchanged during the rest of the flight. No bradycardia, prolonged 
tachycardia, or significant loss of heart rate variability was observed [14]. 

Because air travel may induce motion sickness, the incidence of nausea and 
vomiting may be increased during flight. Anti-emetic medication may be consid- 
ered before travel. 

Even relatively minor trauma to the abdomen during the third trimester preg- 
nancy may cause placental abruption. Therefore, it is important that pregnant travel- 
ers keep their seatbelts continuously fastened during flight and that the lap belt be 
worn properly over the pelvis or upper thighs so as not to cause injury to the abdo- 
men should unexpected turbulence occur. 

Due to compression of the gravid uterus on the interior vena cava, pregnancy 
poses an increased risk of DVT and lower extremity edema. Frequent ambulation, 
stretching, hydration, and the use of constrictive support stockings may be helpful 
in reducing the risk of venous thromboembolism. 

Approximately 90% of pregnancies that reach the third trimester go on to deliv- 
ery after 37 weeks gestation. Because of this, many airlines will not allow passen- 
gers to fly beyond 36 or 37 weeks without medical certification by an obstetrician. 
Since the onset of labor may not be predictable, the authors believe it is inadvisable 
to fly beyond 36 weeks of gestation. 

Following delivery, it is generally advisable to wait for | of 2 weeks after birth 
before traveling with a newborn. While the aircraft environment poses little threat to 
newborns and children, this waiting period is recommended to assure that the baby 
is healthy and free of cardiorespiratory problems that may pose a hazard to the new- 
born during flight. 


Behavioral Disorders 


Patients with psychiatric disorders, manifesting as dangerous, aggressive, or unpre- 
dictable behavior, pose a threat to the entire aircraft and should not fly. These 
patients can only be cleared for flight after appropriate stabilization with medica- 
tion, with consideration for anxiety and phobias that may be exacerbated by air 
travel. Passengers with treated psychiatric disorders often benefit from having a 
companion or escort to provide reassurance and assist with airport navigation. 
Psychiatric medications may have anticholinergic or sedative effects which impair 
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cognitive abilities. A person suffering from substance abuse disorder should be fully 
detoxified prior to travel. 


Fractures and Trauma 


Passengers who are flying after treatment for trauma or fractures may be advised to 
fly business or first class to accommodate casts and the need for elevation. It is 
advisable for casts that had been recently applied to be bivalved prior to travel in 
order to accommodate swelling which can occur during flight. Following fracture 
treatment, it is important to determine whether or not the patient can navigate the 
airport, boarding, and deplaning by themselves. If necessary, a nonmedical escort 
may prove essential in getting the passenger to their destination. Due to immobility 
and recent surgery, patients with extremity fractures are increased risk for DVT and 
will likely require prophylaxis to reduce the risk of clotting. 


Eyes 


Air travel may pose potential problems for contact lens wearers due to dry air and for 
patients following surgery for retinal detachment due to low cabin pressure. Contact 
lens wearers and patients with dry eyes should be advised to use artificial tears. If 
surgery for retinal detachment involves the injection of air into the vitreous, the patient 
should wait for 2-6 weeks until the air sufficiently resorbed so as not to induce ele- 
vated intraocular pressure during flight. If flight is anticipated prior to retinal detach- 
ment surgery, oil may be substituted for air as a means to re-attach the retina. 


Ear, Nose, and Throat 


The external ear, middle ear, and sinuses must be fully patent to allow for pressure 
equalization during ascent and descent. The simplest means to equalize pressure is best 
accomplished by frequent swallowing and chewing, where the Valsalva maneuver 
facilitates this re-equilibration. If unable to equalize the pressure, dysbarism can occur, 
resulting in mild, moderate, or severe pain in the affected area. Patients with nasal con- 
gestion or allergies should consider preflight decongestants to prevent obstruction. 


Decompression Illness 


Decompression illness (DCI) describes a condition arising from dissolved gases com- 
ing out of solution into bubbles inside the body once depressurization occurs. DCI 
most commonly occurs during too rapid an ascent during underwater diving but can 
also occur in other depressurization events such as air travel. DCI can produce many 
symptoms, and its effects may vary from joint pain and rashes to paralysis and death. 


180 S. F. Sutherland and R. E. O’Connor 


Many recreational divers rely on air travel to reach their destination; flying too 
soon after diving may result in decompression illness. There is little in the way of 
scientific information to use as a basis for making recommendations about when it 
is safe to fly after diving. Most guidelines state that if a diver making a single dive 
per diving day should have a minimum surface interval (i.e., presence on the earth’s 
surface) of 12 h before ascending to altitude. Divers who make multiple dives per 
day or those who require decompression stops during ascent should wait for an 
extended surface interval beyond 12 h before ascending to altitude. 

Anyone treated for DCI with recompression should have a longer surface inter- 
val. Passengers with joint pain, skin, or lymphatic DCI who have completely 
resolved all symptoms after recompression can fly 24 h after exiting the chamber. 
Passengers with neurological or multisystem DCI who have complete resolution 
with their first treatment should not fly for 72 h after recompression. 


Neurologic 


Patients who are recovering from a thromboembolic stroke who have no to minimal 
deficits who have not experienced significant complications, and who are capable of 
managing their ADLs with no to minimal assistance, can safely travel without medi- 
cal escort. It is unclear if oxygen therapy is associated with any benefit in the setting 
of recovering stroke [15]. 


Conclusions 


While in-flight illness or even death has occasionally been reported by the airlines, 
most events are not caused by airline travel, and may in fact be purely coincidental. 
Nonetheless, patients with a number of medical conditions described in this chapter 
would benefit from a thorough preflight evaluation by a physician, who would then 
make treatment recommendations to mitigate the risk of medical complications 
from air travel. Physicians who use guidelines to make treatment recommendations 
prior to flight are urged to tailor their treatment to the individual passenger and the 
situation, taking into account factors such as flight duration, flight amenities, and 
destination. With this in mind, even patients with chronic or acute injury and/or ill- 
ness can Safely travel by air. 
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Christian Martin-Gill and Thomas J. Doyle 


Introduction 


Ground-Based Medical Support (GBMS) is a service that is used by commercial 
airlines and other entities to obtain medical recommendations for in-flight medical 
emergencies (IMEs) or to obtain a fitness to fly recommendation for passengers or 
flight crew [1-4]. GBMS may be provided by the medical department of an airline 
or, more commonly, through a third-party entity that provides 24-h medical support 
for airlines. Examples of third-party GBMS services that have reported their experi- 
ence with IMEs include the University of Pittsburgh Medical Center/STAT-MD 
(Pittsburgh, PA) [5, 6]; MedAire, Inc. (Phoenix, AZ) [7, 8], a company of 
International SOS (Singapore) [9]; and public health entities such as the Paris 
Emergency Medical Service (SAMU) [10]. Some airlines perform certain medical 
direction services within their company and contract with a third-party medical pro- 
vider for other components. In the United States, most major airline companies have 
eliminated their internal medical departments and outsourced these services to enti- 
ties that specialize in GBMS. In cases where GBMS is outsourced to an outside 
entity, it is commonplace for occupational health issues related to pilots and other 
flight crew to remain managed within an airline’s medical department. 


Ground-Based Medical Support Personnel 
There are no current standards or regulations in place regarding the qualifications of 


GBMS providers. GBMS may be provided by physicians, nurses, paramedics, or 
other allied healthcare personnel. The services rendered through GBMS are 
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generally determined by the capabilities of the GBMS center and the requirements 
of the airline, as determined through direct contracts between these groups. 

Most GBMS centers use a call taker to gather the initial information and route 
the call to the appropriate healthcare provider. A GBMS physician may be on site at 
the GBMS center and directly manage all airline medical calls. Alternately, cases 
may be primarily managed by non-physician healthcare personnel such as nurses 
who consult with a physician on an as-needed basis. Physicians may be directly 
employed by the GBMS center or may be contracted agents from a nearby hospital. 
Most large third-party GBMS centers use emergency physicians and may specifi- 
cally employ physicians board certified in emergency medical services. Airlines that 
provide GBMS within their company commonly use physicians trained in occupa- 
tional medicine or internal medicine though some may employ emergency medicine 
specialists. 


Types of Ground-Based Medical Services Provided 
In-Flight Medical Emergencies 


Consultation for IMEs is one of the key services provided by a GBMS center. 
GBMS serves as a resource for the aircraft crew and airline to address immediate 
medical decisions. Consultation may occur regarding what medications should be 
used from the aircraft’s Emergency Medical Kit (EMK) or whether specific medical 
interventions are indicated. When an aircraft diversion is considered, GBMS may 
recommend to divert immediately, divert to a more suitable location, or continue 
toward the intended destination. Through use of GBMS, airlines aim to appropri- 
ately utilize medical resources, ensure that recommendations or treatment provided 
by onboard healthcare personnel are appropriate for the condition, and overall 
ensure that optimal care is provided for any passenger with an IME. 


Passenger Pre-flight Screenings 


GBMS is also often consulted to assist in determining if it is safe for a passenger to 
board a plane. These consultations are often made by a gate agent or customer ser- 
vice representative due to concern over the acute or chronic health of a potential 
passenger and concern about their medical deterioration during the flight. The 
request for a pre-flight screening may be triggered because a passenger makes a 
statement regarding a medical condition or may appear obviously ill or in distress. 
For patients who have had a previous medical emergency while traveling with an 
airline, the airline may require consultation with GBMS prior to boarding another 
flight. This consultation aims to ensure resolution of the prior medical emergency 
and determine the passenger’s current fitness for air travel. 

Common questions addressed during pre-flight screenings include the typical 
use of, or anticipated need for oxygen during flight, as well as potential need for 
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medications that the passenger usually takes [1 1-13]. For patients identified as hav- 
ing a potentially communicable disease, there may be questions regarding the risk 
of exposure of other passengers and any precautions that may be necessary. During 
these pre-flight screenings, GBMS may recommend that the patient be allowed to 
travel, recommend that additional medical assessment and care be provided prior to 
air travel, or recommend that the passenger not be allowed to travel until a specific 
medical condition is addressed. In making this recommendation, the GBMS pro- 
vider focuses on ensuring the safety of the passenger, ensuring the safety of other 
passengers and personnel on the aircraft, and minimizing the risk of an unintended 
aircraft diversion for a medical emergency. 

Other providers that may perform a fitness to fly evaluation include the passen- 
ger’s own physician, or a physician at a clinic or hospital where the passenger has 
been evaluated for a medical event. These providers may write a “fitness to fly” 
letter that is used by the GBMS provider and/or the airline as documentation of suit- 
ability to fly. Supporting documentation may be requested by GBMS when consul- 
tation by the airline follows an assessment already performed by an outside 
physician. The airline may also require that passenger medical information be pro- 
vided on a specific Medical Information Form (MEDIF) for clearance to fly. 

GBMS may also be called by the airline to determine if a passenger has a dis- 
ability that must be accommodated by the airline, or if the passenger has a medical 
condition that may affect the passenger’s ability to safely fly in a commercial air- 
craft. Recommendations must avoid any discrimination against passengers and 
ensuring the right to free movement [14]. Guidelines for pre-flight screenings have 
been published by the International Air Transport Association, and specific recom- 
mendations are provided in section 6 of the IATA Medical Manual, 12th Edition 
[15]. Individual airlines may also have their own medical guidelines for passenger 
fitness to fly. 

GBMS personnel may also have a role in assisting airlines during global pan- 
demics. During the COVID-19 pandemic, certain GBMS providers were utilized by 
airlines to evaluate passenger exemption requests from the U S federal mask man- 
date. Passengers who requested an exemption from the mandate had their reported 
medical condition reviewed. The reported condition was compared to the exemption 
criteria as outlined by the Centers for Disease Control and Prevention (CDC). A 
recommendation was then made to the airline on whether the passenger’s reported 
condition met the federal mask exemption criteria in the physician’s opinion. The 
Airline was still responsible for enforcing the federal mask mandate. GBMS provid- 
ers were also utilized to interpret COVID-19 testing results and provide recommen- 
dations on passenger quarantine requirements. 


Medical Assessment for Repatriation 


GBMS may be consulted regarding travelers who have developed an injury away 
from home and need to be repatriated. GBMS may work directly with the insurance 
company or medical repatriation service to determine if the passenger can travel 
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commercially with or without assistance, or if they require other means of transport 
such as an air ambulance. This consultation often involves a GBMS physician con- 
tacting the treating physician and a collaborative discussion regarding the diagnos- 
tic assessment, current treatment delivered, and expected course of care. This 
information is used by the GBMS physician to determine the anticipated medical 
needs in transport, potential impact of travel such as change in barometric pressure 
with altitude, and appropriateness of the receiving facility to accept the patient. 
Separately, the airline may request from GBMS an independent fitness to fly evalu- 
ation for a passenger that has been booked on that airline for repatriation. 


Occupational Health and Crew Fitness for Duty 


GBMS has variable involvement regarding occupational health as specified by con- 
tracts with individual airlines. GBMS is commonly used to address an immediate 
crew member’s medical issue as would occur with any other passenger. Other occu- 
pational health questions are typically addressed by the medical department of the 
airline. Alternately, a GBMS center may be contracted to provide a wide range of 
occupational health services, including determinations of a crew member’s fitness 
for duty. However, only an Aviation Medical Examiner (AME) approved by the 
Federal Aviation Administration (FAA) may clear a pilot for duty in the United 
States, whether provided by a GBMS center or directly by the airline [16]. 

When a potential medical emergency involves a member of the flight crew, rec- 
ommendations should always be discussed with the pilot-in-command to obtain 
consensus on the best course of action. In some cases, a pilot may be the patient and 
diversion may be advisable even in circumstances where continuation to destination 
would be appropriate for a passenger (e.g., syncope) due to concerns over safety of 
aircraft operations. Medical recommendations provided to flight crew members 
remaining on duty should take into account that any pharmaceutical treatment must 
be approved by the FAA as outlined in the FAA Guide for Aviation Medical 
Examiners [15]. In most cases, the recommendation will be for flight crew members 
with an ongoing medical concern to be removed from onboard duties, as appropri- 
ate considering the type of medical concern, available staff and needs for safe opera- 
tion of the aircraft. Upon completion of the flight, airline policies should address the 
mechanism for a flight crew member to be cleared to return to flight duties. 


Public Health Notification 


Certain symptom criteria for ill passengers on international and interstate flights 
may require reporting to a governmental public health agency tasked with protect- 
ing the health of the public. In the United States, the CDC requires reporting of 
certain conditions to a Regional Quarantine Station on a mandatory or recom- 
mended basis (Fig. 18.1) [17]. Similar reporting requirements exist in Canada [18], 
as well as other countries. These notifications must be made by the airline, though a 
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Required Reporting 
e Fever (measured temperature above 100°F or 37.8°C) for greater than 
48 hours, OR 
e Fever of any duration plus any one of the following: rash, swollen 
glands, jaundice (yellowing of the skin), OR 
e Persistent diarrhea 


Requested Reporting 

e Fever of any duration, plus 

e ~=Any one of the following: 

= persistent cough 

persistent vomiting 
difficulty breathing 
headache with stiff neck 
decreased level of consciousness 
unexplained bleeding 


Fig. 18.1 Conditions requiring reporting to the CDC when involving international travel to the 
United States [17] 


GBMS provider may assist in recognizing conditions that require reporting and 
ensure that the appropriate airline staff are notified to make the report. 

The GBMS provider cannot override these legal requirements and cannot assume 
this duty for the airline. GBMS can assist the airline to determine if passenger 
symptoms meet notification criteria and provide guidance in initial treatment of the 
ill passenger while in-flight. Additional recommendations to cabin crew may be 
provided to protect against disease transmission, such as use of face masks, gloves, 
and strict hand hygiene. In some cases, passengers may be moved away from other 
passengers if space allows. 

In the United States, notifications by the airline can be made directly to the CDC 
Quarantine Station that serves the arrival airport or through the CDC Emergency 
Operations Center (EOC). The Public Health Agency of Canada has similar regional 
Quarantine Stations to which their respective reports should be made. Following 
notification, the public health entity has the authority to quarantine passengers 
though this is exceedingly rare. In most cases, information is obtained from the 
airline, the passenger may be interviewed or evaluated at the airport, and follow-up 
may be performed as determined by the public health entity. 


Process of Managing an In-Flight Medical Emergency 
with GBMS 


Decision to Contact GBMS 


During an in-flight emergency or gate screening, the airline will contact the GBMS 
center per individual policies and procedures of that airline. Therefore, an event that 
would trigger a call to the GBMS on one airline may not necessarily trigger a call at 
a different airline. There are no national or international standards or regulations in 
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place to determine what events warrant contact with GBMS. Also, there is no legal 
requirement for an airline to contract with a GBMS service in the United States 
though most commercial airlines do. 


Communications Systems Between Aircraft and GBMS 


The flight crew, most commonly the pilot-in-command, will initiate communication 
with GBMS via radio, satellite phone, or the Aircraft Communications Addressing 
and Reporting System (ACARS). Once communications are established, the con- 
sultation may be led onboard by the pilot-in-command, copilot, or other flight crew 
member. In all cases, the pilot-in-command remains in contact with all crew mem- 
bers managing the medical emergency and communicates with the GBMS provider 
regarding all major recommendations. 

Radio communications are typically established through regional communica- 
tions centers. Examples in the United States include Atlanta Radio (Atlanta, GA) 
and Aeronautical Radio, Incorporated (ARINC; located in New York City and San 
Francisco). The regional communications center will typically patch the radio fre- 
quency onto a telephone line and facilitate a bridged communication with the 
GBMS center. A consideration in using radio communications is that different fre- 
quency bands are utilized for different parts of the United States and Canada as they 
are across the world. As the flight moves away from one radio tower, the signal may 
fade, and the aircraft may need to switch frequency. Gaps in ability to communicate 
may occur. 

Satellite phone is a commonly available alternative to radio communications 
and can provide direct communication between the cockpit, dispatch, and 
GBMS. Usually, it is the most efficient means of communication, yet satellite 
positioning may limit the ability to communicate and lead to dropped calls. It is 
not normally used over continental North America, where the radio network is 
easily accessed by aircraft; instead, it is used more commonly for transoceanic 
flights. 

ACARS provides the ability to send and receive text-based messages between 
the cockpit and the airline’s dispatch center. ACARS may be used when other forms 
of communication are not available or to send follow-up information such as age, 
name, and seat number. As a non-QWERTY keypad is used, ACARS is not ideal for 
providing lengthy reports. However, when radio and satellite communications are 
not available or readily accessed, brief or follow-up medical communications may 
be provided directly to and from the aircraft via the airline’s dispatch center by 
means of ACARS. 

Internet communication systems are increasingly becoming available on com- 
mercial airlines. While these communications systems are not typically used by the 
flight crew in the cockpit to establish ground communications, they may serve as an 
additional mechanism for the cabin crew and medical volunteers to communicate 
with GBMS. 
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Management of an In-Flight Medical Emergency Utilizing GBMS 


An event begins when a passenger has a medical event and a flight attendant either 
notices or is informed of the event. The flight attendant must determine if the event 
requires GBMS notification per the airline’s policies. The nature of the event and 
airline policies also influence whether the flight attendant asks for an on board med- 
ical volunteer to assess the passenger and assist in the management of the medical 
emergency. Variation exists across the industry regarding the solicitation of medical 
volunteers; many airlines will routinely request onboard assistance while others will 
only do so based upon either the type of IME and/or via guidance from the GBMS. 

Upon assessment of the situation, the flight attendant will contact the flight deck 
and notify the pilot-in-command. The flight deck contacts the airline dispatch center 
through one of the previously described communication systems, provides notifica- 
tion of the nature of the event, and requests contact with GBMS. If radio communica- 
tions are used, the regional radio communications center will simultaneously connect 
the GBMS center and the airline dispatch center. When using satellite phone commu- 
nications, airline dispatch is called directly by the aircraft and connects with GBMS. 

The GBMS medical provider will obtain information about the medical emer- 
gency from the flight crew. This information may be provided from the pilot, flight 
attendant, or directly from a medical volunteer. Additional information may be 
requested by the GBMS medical provider, as well as an update on the passenger’s 
condition if specific interventions have already been performed or if time has lapsed 
from initial assessment of the passenger. 

Once the GBMS medical provider has enough information, recommendations 
may be provided regarding general medical care, including use of onboard oxygen 
and administration of medications from the onboard emergency medical kit. The 
GBMS provider will be familiar with the location of medications and other equip- 
ment within the kit and can facilitate locating the medications, ensure appropriate 
dosing and route, and identify anticipated treatment effect or potential complica- 
tions. When recommendations are provided by an onboard medical volunteer, the 
GBMS provider may be consulted by the flight crew. GBMS may also ensure that 
the interventions asked of a medical volunteer are appropriate for their level of 
training, such as starting an intravenous infusion or administering certain medica- 
tions. Additional recommendations may include whether to divert the aircraft or 
continue to the intended destination. GBMS can specifically determine the medical 
capabilities available near airports that are being considered as destinations in a 
diversion and does this in collaboration with the airline dispatcher. The final recom- 
mendation may be to divert to the closest airport, divert to a more appropriate desti- 
nation based on the patient’s condition, or to continue to the intended destination if 
time to the intended destination is not determined to be medically significant for the 
patient’s condition. Finally, GBMS may provide recommendations as to whether 
emergency medical services (EMS) should be contacted to meet the aircraft at the 
gate upon arrival. This recommendation may be influenced by the immediate need 
for additional medical interventions, a determination that the patient will need to be 
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transported to the hospital, or for the need to medically screen the passenger prior 
to making a connection following an onboard medical emergency. 


Medical Decision-Making 
Role of the GBMS Provider 


In cases where GBMS is contacted, nurses or technicians may directly address pre- 
flight screenings, questions about medical equipment such as oxygen concentrators, 
and handle some IMEs based on protocols established by the GBMS medical director. 
Physicians may be engaged on all or only selected airline consultations. Regardless of 
the healthcare provider engaged, the GBMS provider renders a recommendation only. 
For example, the decision to divert an aircraft due to a medical emergency lies solely 
with the onboard pilot-in-command and the airline’s dispatch center. The pilot-in-com- 
mand also makes the final determination of whether a passenger can board an aircraft, 
in consideration of the safety of that passenger and everyone else on board. Recognizing 
their medical expertise, when an airline contracts with a GBMS center, the airline usu- 
ally relies on the recommendation of the GBMS provider as to what course of action to 
pursue, thus influencing the final decision of the pilot-in-command. 


Role of an Onboard Medical Volunteer 


A medical volunteer refers to a healthcare professional who is a passenger on the 
aircraft and provides volunteer assistance to another ill or injured passenger on the 
aircraft. It has been suggested that doctors and other healthcare professionals have 
a duty to act during an IME [19-22], and, in some countries, this duty is mandated 
by legislation. In the United States, no legal requirement exists, requiring interven- 
tion by onboard medical volunteer providers. 

The role of an onboard versus ground-based physician may be unclear. First, the 
type of provider who is accepted by the airline may vary from airline to airline; 
some airlines may require proof of licensure prior to rendering assistance. The med- 
ical volunteer should be sober and able to provide a business card or other identifi- 
cation to the flight attendant. When GBMS is engaged by the aircraft, the primary 
role of a medical volunteer is to gather information, perform a medical assessment, 
and potentially to administer a medication or perform a medical procedure. In most 
instances when GBMS is available, management of IMEs is a collaborative partner- 
ship. The onboard volunteer performs a medical assessment and facilitates key 
interventions, while the GBMS physician oversees medical care and assists the 
flight crew in all IME-related decisions. The pilot-in-command is the primary inci- 
dent commander and utilizes the information available from all sources when mak- 
ing critical decisions. Of course, the abilities of the onboard medical volunteer and 
nature of the IME will impact how the partnership develops in individual cases. 

With the goal of providing optimal care, it is recommended that medical volunteers 
ask flight attendants to ensure that communication is established with GBMS 
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regardless of the seriousness of the medical event [2, 4, 23]. This may include input on 
use or future replenishment of the onboard medical kit, coordination of ongoing medi- 
cal care upon arrival, and ensuring appropriateness of any major decisions such as 
aircraft diversion. Contacting GBMS can also assist in preventing avoidable errors, 
such as incorrect use of an automated external defibrillator or onboard medica- 
tions [24]. 


Decision to Divert an Aircraft 


The most impactful decision addressed in handling an IME is whether to divert the 
aircraft to an alternate destination. While both GBMS providers and onboard medi- 
cal volunteers may influence this decision, the only two personnel with licensed 
operational control over an aircraft in flight are the pilot-in-command and the airline 
dispatcher. All medical providers involved in an in-flight event offer advice to these 
primary decision-makers. 

Multiple factors must be addressed when considering diversion for an 
IME. Factors include the medical complaint, stage of flight, and distance remaining. 
For example, the average aircraft takes 20-30 min to descend and land from cruis- 
ing altitude. A flight with 30 min or less remaining will not save any time by divert- 
ing to an alternate airport. Additionally, different airports will have different nearby 
medical facilities and the closest airport may not be located near facilities that would 
best serve the patient. GBMS should have a database of hospitals near each airport 
where the airline operates to assist the airline in assessing this information. 
Additional operational considerations include whether specific airports can handle 
the type of aircraft involved, as well as weather and/or operational considerations. 
Thus, dispatch must be involved in assessing and making decisions regarding any 
potential diversion. In making recommendations, GBMS will weigh the severity 
and time-dependence of the passenger’s medical condition, the distance remaining, 
and the availability of onboard resources (personnel and medications) to make a 
suitable recommendation. These factors will be different on each flight. In the case 
of discordance between the recommendation of a GBMS provider and the pilot-in- 
command, the GBMS provider should be mindful of providing a recommendation 
that is in the best interest of the passenger given the situation, yet not argue with the 
pilot-in-charge, who may have additional information and experience in these 
events, as well as the responsibility of ensuring the safety of all passengers on board. 


Special Circumstances 

Inability to Divert an Aircraft 

In certain circumstances, immediate landing for medical assistance may be indi- 
cated based on the type of IME, yet there may be no suitable place to which to divert 


the aircraft. This may include flights over the oceans or poles, flights over countries 
where political or other considerations preclude landing, or situations where it is 
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unsafe to immediately land as is the case with overweight aircraft soon after takeoff. 
In these cases, GBMS can serve as a resource for continual reassessment and man- 
agement of the onboard medical emergency through periodic updates from the flight 
crew. Additionally, GBMS will often work with the airline dispatcher to determine 
alternate suitable locations for diversion that may become available along the air- 
craft’s route or by altering the aircraft’s course. 


Passenger Death 


GBMS may be contacted for a medical event where the passenger shows no signs of 
life despite efforts by the crew and medical volunteers. GBMS can ensure that 
appropriate interventions have been performed based on the capabilities of the 
onboard personnel and the available equipment. If no further care is likely to result 
in return of circulation, it may be medically appropriate to cease resuscitation 
efforts. In these cases, neither the GBMS medical provider nor the onboard medical 
volunteer formally pronounce the patient dead, as they will likely not be present to 
sign the death certificate, nor have the authority to do so in the jurisdiction where 
the patient arrives. This process should be undertaken by the appropriate emergency 
medical service where the flight lands by following local procedures. 

If resuscitation efforts have ceased and there are no signs of life, there is no lon- 
ger a medical reason to divert the aircraft. An automatic diversion may create addi- 
tional problems, particularly regarding disposition of human remains across national 
borders. However, there may be other company reasons to divert, including crew 
exhaustion, biological contamination, or other operational concerns. Diversion 
decisions in these circumstances should be made by the pilot-in-command in col- 
laboration with airline dispatch, GBMS, and other airline personnel as warranted. 
The handling of passenger remains will then be determined by airline policy and 
local procedures upon flight arrival. 


Emergency Medical Kits 


FAA regulations require all aircraft with a maximum payload capacity of more than 
7500 pounds and with at least one flight attendant to carry a first-aid kit, an 
Emergency Medical Kit, and an Automated Emergency Defibrillator, (AED) [25]. 
The FAA has established minimum requirements for the contents of the EMK 
(Table 1.1). While airlines must maintain the minimum required contents of these 
kits, they may also add medications and equipment to their individual EMKs. These 
may include medications for nausea, a glucometer, or a pulse oximetry device. Kits 
may be individualized for longer or shorter routes. EMKs may be produced by the 
individual airline or purchased from a third-party vendor. 

GBMS centers commonly provide recommendations to airlines they are con- 
tracted with regarding additions to their EMK, based on patterns of usage and medi- 
cal opinion. Airlines make the final decision on the contents of their EMK and must 
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consider the baseline regulatory requirements, as well as the additional cost, weight, 
and anticipated lifespan of the medication or device being considered. This must be 
weighed with the anticipated clinical usefulness and frequency of use. The GBMS 
center may be able to provide data to inform these decisions. 

It is not typically the role of GBMS to prescribe specific medications to indi- 
vidual passengers for the purposes of initial use or replacement. Controlled sub- 
stances present additional regulatory and security concerns, and some airlines have 
removed them from the EMK. When the GBMS center also sells EMKs to the air- 
line, the airline should be aware of any potential conflicts of interest. Unnecessary 
utilization of the EMK contents may increase the cost for the airline. Airlines should 
have established policies and procedures to determine the location of the EMK, 
whether it is locked for storage, and who may access the kit during an IME. Most 
commonly, the lead flight attendant has the key to access the EMK from a locked 
storage compartment that is usually near the front or rear of the aircraft. Airlines 
may have policies in place that require contact with GBMS prior to use of the EMK 
by a medical volunteer or any member of the flight crew to ensure appropriateness 
of use and mitigate the risk of providing onboard medical interventions. 

Many airlines also may carry a “flight attendant pouch” or “over the counter kit.” 
These kits are separate from the EMK and often are stocked with commonly used 
medications such as acetaminophen, ibuprofen, and antacids. These additional kits 
allow for the availability of common medications without having to break the seal 
on the required EMK, thus saving the EMK for a more serious event. The situation 
of having to send the EMK out for restocking when only a simple over-the-counter 
medication was needed is also minimized. The availability and contents of these 
supplemental kits will vary by airline and are not required by the FAA. If utilized by 
the airline, GBMS should have knowledge of the content of these kits as well. 


Emergency Oxygen 


FAA regulations require passenger aircraft with at least one flight attendant to carry 
bottles of oxygen. The actual purpose of this oxygen is to be used by flight atten- 
dants in the event of a cabin depressurization to perform their cabin duties. Over 
time, these oxygen bottles have also become thought of as “emergency oxygen” for 
passengers in need. These bottles come in various sizes and the number of bottles 
onboard is determined by the size of the aircraft and distance to be traveled. These 
bottles usually have a fixed regulator to provide low (2 L/min) and high (4 L/min) 
flow. There is no requirement for an airline to be able to provide continuous oxygen 
to a passenger for the duration of a flight. 

In the event, a passenger requires oxygen, aboard a long-distance flight, GBMS 
can assist the flight to calculate the duration of oxygen therapy remaining based 
on the number and types of bottles available on the aircraft. In rare instances, 
diversion may be recommended if it is determined that continuous oxygen therapy 
is required for treatment of the affected passenger and not available in sufficient 
quantity to last for the remainder of the scheduled flight. In other cases, it may be 
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determined that a passenger in severe respiratory distress cannot be adequately 
treated with the maximal delivery of oxygen available. GBMS must coordinate 
with the pilot-in-command and the airline dispatch to determine if the flight can 
continue or if diversion is recommended. GBMS may also assist the airline by 
recommending or coordinating the mobilization of emergency medical personnel 
on the ground at the receiving airport for continued oxygen therapy based on the 
passenger’s condition. 


Data Collection and Documentation 


Limited documentation and reporting of IMEs have been identified as a barrier to 
improving recommendations for commercial airlines [26, 27]. On an individual 
case basis, GBMS needs adequate transmission of information from the passenger 
cabin, which often occurs through relay mechanisms involving the cockpit crew. 
The sooner and more accurately that information about the medical event can be 
provided, the sooner a recommendation can be made by GBMS. Without a struc- 
tured method to obtain and communicate information to ground-based providers, 
GBMS may be faced with missing information that results in delays to formulating 
recommendations for the aircraft. Inaccurate information may lead to inappropriate 
recommendations and potentially result in an unnecessary diversion. 

To help the process, many airlines have developed a documentation form to cap- 
ture pertinent data during an IME. Because there are no universal requirements for 
this documentation, many airlines have developed proprietary forms that are uti- 
lized aboard their aircraft (a sample of relevant data elements is provided in 
Fig. 18.2). The GBMS provider will need to be aware of each client airline form, the 
data that will be collected, and the expectations of how that information will be 
transmitted. Airline policy and training should be tailored to maximize the accuracy 
and completeness of information gathering prior to initiating contact with the 
GBMS provider. 

Data collected on the form may be slid under the cockpit door, where it is com- 
municated to GBMS upon initial contact. When information is complete and com- 
prehensive, GBMS can often make an initial recommendation to the flight without 
need for additional information. If the form is not complete and for more complex 
cases, GBMS may need to request more information. Obtaining this additional 
information may require a cumbersome relay of questions and information between 
the cockpit and cabin crew before transmission to the GBMS provider. Airlines 
should emphasize the importance of accurate and complete information in their 
initial and recurrent training to ensure that a completed form is provided to the 
cockpit whenever possible in order to avoid unnecessary delays in the management 
of these cases. When radio headsets are available for direct communications between 
the flight attendant and GBMS, airlines should continue to emphasize use of a stan- 
dardized data collection form. The signal obtained via a headset in the cabin crew 
can be of poor quality, and incomplete data can again create delays in recommenda- 
tions for treatment. Furthermore, establishment of a standardized set of data 
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Life threats 


Passenger Demographics 


Medical Problem or 


Symptoms 


Vital Signs 


Medical Volunteer 


In-flight Treatment 


Communicable Disease 


Symptoms 


Passenger & Flight Infor- 


mation 


Is CPR in progress? 
Has an AED delivered a shock? 


Age 
Gender 


Primary complaint 
Associate symptoms 


Duration of symptoms 


Heart rate 
Blood pressure 


Respiratory rate 


Presence of a medical volunteer and type? 


Oxygen therapy administered? 
AED pads applied? 
Medications administered? 
Other treatment? 


Presence of Fever (>100.4°F) for 48 hours or longer? 
Presence of Fever (>100.4°F) with other symptoms (e.g. rash, vomit- 


ing, diarrhea, jaundice, altered mentation)? 


Passenger Name 
Flight Number 
Seat Number 


Fig. 18.2 Sample information contained in an airline medical assistance form 


elements that are pertinent to most IMEs can streamline the acquisition and trans- 
mission of information regardless of the provider and method of communication 
between the aircraft and GBMS. 

The airline may also work with GBMS to identify key medical conditions that 
require immediate notifications from the cockpit without obtaining additional infor- 
mation. These may include cases involving: 


e AED use with shock delivery 

¢ CPR on an unresponsive patient 

* active labor with imminent delivery of a fetus 
¢ uncontrolled arterial bleeding 


These conditions may require immediate intervention and possibly immediate 


diversion. 
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In addition to the value of in-flight data collection forms for communication 
among aircraft crew and with GBMS, these forms are typically stored by the airline 
as a means of data collection on IMEs. Aggregate data can then be compiled regard- 
ing cases encountered by an airline. In addition, GBMS centers will record their 
own data regarding all consultations by airlines. Aggregate data from these centers 
have allowed for large descriptive studies on characteristics and outcomes of IMEs 
[2, 5-10, 27]. 

Confidentiality of patient information is an important consideration affecting the 
relationships between GBMS, airlines, and passengers. Information obtained by 
airline personnel during a passenger screening or IME is utilized by GBMS for 
medical decision-making through contract with the airline. The Health Insurance 
Portability and Accountability Act of 1996 (HIPAA) does not preclude the sharing 
of such information with GBMS. There may be a misconception among medical 
volunteers in-flight or EMS providers on the ground that HIPAA prevents them 
from sharing patient information; this is incorrect. If the medical provider has a 
concern about sharing passenger information, the provider can always get permis- 
sion from the passenger who is seeking medical attention, thus alleviating any con- 
cern regarding patient confidentiality. 


Telemedicine and Future Data Transmission with GBMS 


As technology continues to advance, there will be opportunities for advancement in 
the transfer of information to GBMS. As aircraft increasingly incorporate Wi-Fi 
capabilities, they may have the means to transfer data via a secure internet method. 
Several companies currently manufacture devices for telemedicine services aboard 
aircraft, including transmission of patient medical data, audio, and video from the 
aircraft. Medical data may include passenger vital signs, glucometer readings, and 
12-lead EKG transmissions. These are not yet widely utilized among commercial 
aircraft. 

The theoretical benefits of telemedicine devices must be weighed by the airline 
against their cost and frequency of utilization. In addition to considerations of 
improved passenger care, the greatest cost-benefit to the airline would be prevention 
of diversion. There may be a particular benefit of these devices on long transoceanic 
flights where diversion is not an option and more advanced medical care may need 
to be delivered on board as directed by GBMS. They may also be of greatest value 
on larger aircraft and those with longer duration flights, where the incidence of an 
inflight emergency is greater. However, no data currently exists demonstrating the 
outcome benefit or cost-effectiveness of these devices. As technology evolves and 
data is obtained regarding their use, telemedicine devices may increasingly be used 
aboard commercial aircraft. Other existing technological solutions are also being 
explored, including the transmission of photographs or digital transmission of the 
airline’s medical event form using the existing internet network of the aircraft. 
There are several companies currently marketing equipment to obtain patient infor- 
mation and diagnostic information. Some use a tablet, phone, or other portable 
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electronic device to summarize the information and transmit the data to the ground. 
As many airlines use tablet or phone devices to provide onboard services to pas- 
sengers (e.g., ordering food and drinks, or for entertainment services), the ability to 
potentially synergize medical data with currently used devices is of interest to the 
airlines. 


Liability for GBMS Providers 


A GBMS provider is contracted and compensated for making a medical recommen- 
dation based on the data provided. While medical volunteers aboard domestic flights 
and flights involving US carriers are covered by the Aviation Medical Assistance 
Act of 1998 [28], GBMS providers may not be similarly covered. GBMS entities 
and the physicians involved have been subject to lawsuits following their manage- 
ment of IMEs [29, 30]. Physicians that provide GBMS services should have medi- 
cal liability coverage as is needed in other patient care settings. 


Quality Assurance and Improvement 


Performance of quality assurance and improvement is a key role of GBMS in pro- 
viding medical advice to airlines. GBMS centers should track and record data on 
consultations by airlines to continually advise on improvements that airlines can 
make to best care for ill passengers. There should especially be tracking of aircraft 
diversions, both because these cases represent the most serious cases for passengers 
and the most impactful instances for the airline. It is beneficial for the Medical 
Director of a GBMS center to receive a daily report of diversions that occurred in 
the preceding 24 h. Diversions should be reviewed to ensure appropriateness of 
medical decisions and to provide feedback to the GBMS provider if needed. 

While each IME is unique, the GBMS Medical Director should ensure unifor- 
mity of care as much as possible among GBMS medical providers. This is particu- 
larly important in determining what criteria are used to recommend a diversion and 
providing consistency in those challenging decisions. The Medical Director also 
needs to review any cases where a passenger was cleared to fly and then had an in- 
flight event or diversion. Diversions initiated by the pilot-in-charge prior to contact- 
ing GBMS should also be tracked and reported back to the airline for feedback on 
flight operations. Finally, tracking the usage of medications and other medical 
equipment can continually inform recommendations for enhancements in the con- 
tents of the EMK. 

While assessment of patient outcomes after in-flight medical emergencies are 
not required or commonly available, airlines may obtain outcome information for 
quality assurance purposes. The GBMS center may assist in collection of this infor- 
mation for the airline. For example, airlines may routinely obtain information as to 
whether a diversion occurred on an aircraft following a passenger pre-flight screen- 
ing, whether a passenger was transported by EMS following an IME, and if the 
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passenger was admitted to the hospital. Different airlines will have different require- 
ments. Such standardized data collection can facilitate outcome data analysis of 
IMEs beyond the characterization of IME events. 


Conclusions 


Management of in-flight medical emergencies requires the successful interaction of 
multiple personnel in a unique environment. Ground-based medical support serves 
a critical role through contracts with most commercial airlines to provide medical 
recommendations for the pilot-in-command, flight crew, and airline dispatch. Even 
when there are onboard volunteer healthcare providers to directly assist the patient, 
GBMS can provide expert advice on management of these unique situations. GBMS 
is commonly utilized by aircraft personnel to make critical decisions, including use 
of onboard medical equipment and whether to divert the aircraft for immediate 
medical attention. Contact with GBMS should be considered for management of 
any in-flight medical emergency. 
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Use of Commercial Aircraft 1 © 
for Emergency Patient Transport 


Frangois-Xavier Duchateau and David Corbett 


Introduction 


Evacuating patients aboard scheduled commercial aircrafts is both feasible and cost- 
effective; this mode of transfer should be considered when immediate transfer is 
unnecessary and other means of evacuation is not possible. Compared to specialized 
fixed-wing air ambulances, commercial aircraft offer improved flight stability and 
allow long haul flights without refueling stops at a minimum of half the cost [1]. 
Disadvantages include non-flexible schedules, the uncertain availability of seats on 
flights, and the restrictions of the International Air Transport Association (IATA) rules 
that must be within the internal regulations of each airline [2]. Importantly, the repa- 
triation should not impact the flight’s schedule nor expose other passengers to haz- 
ards, especially any infectious risks [3]. This chapter describes the various arrangements 
available on commercial airliners in terms of patient installation, additional oxygen 
administration and provides notice on medical clearance. The use of commercial air- 
liners for the simultaneous transport of multiple patients will also be described. 


Various Medical Evacuation Services on Commercial Aircrafts 
Installation 
Basically, there are two means of transporting patients within the aircraft: seated or 


lying on a stretcher. Seated patients should be stable enough to travel as a standard 
passenger, including being able to follow safety instructions, such as putting their 
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seats in upright position during takeoff and landing. Such patients follow the same 
procedures and route through the airport as normal passengers for aircraft embarka- 
tion and disembarkation. Where available, business/first class seats will provide 
more comfort and space. They should require a minimum of interventions en route 
as the environment around a standard commercial aircraft seat is extremely restric- 
tive to medical care with limited appropriate space if onboard emergency occurs. 
For disabled patients and/or to avoid long walks within the airport, a wheelchair 
service can be requested. There are three types of wheelchair services correspond- 
ing to the level of disability: R, S, and C. The “R” type (for “Ramp”) offers a service 
to the bottom of the ramp meaning that the patient should be able to climb the ramp 
if the aircraft has no direct access via an air bridge to the gate. The “S” type (for 
“Step”) offers a service to the top of the ramp requiring the patient to walk to their 
cabin seat from the aircraft door. The “C” type (for “Cabin’”’) offers a service direct 
to the cabin seat (Fig. 19.1). The “S” and “C” types require medical approval by the 
airline. The “C” type mandates that the patient is accompanied. 

Some airlines offer a specific cabin configuration, allowing the lower leg to be in 
extension: the frontal extra-seat. This configuration is generally used where the 
entire cabin is economy class or when the business class seats do not allow suffi- 
cient room to extend the leg. The seat back in front of the patient’s seat is lowered 
making it possible to extend the leg (Fig. 19.2). 

Supine patients are transported on a stretcher, which is a metallic structure with 
a mattress, fixed on the armrests of 3-seat rows in economy class. The patient is 
conventionally positioned facing the rear of the aircraft on the mattress and securely 
fastened using an aviation-type multiple-point restraint system. A curtain is usually 


Fig. 19.1 The three types 
of wheelchair assistance to 
aircraft seat 
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Fig. 19.2 Extra seat | 


Fig. 19.3 Stretcher 


included to allow some privacy and delineate a dedicated space which is more 
appropriate for medical care (Fig. 19.3). The most advanced systems allow a certain 
degree of head-up position though the extent is limited by the distance between the 
mattress and overhead compartments. The embarkation and disembarkation of the 
patient use a specific pathway through exit doors at the rear of the cabin to the 
ambulance on the tarmac. Most airports have a medical lift (Fig. 19.4), but it is 
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Fig. 19.4 Lift 


important to routinely confirm the presence (functionality) of such a lift at small 
airports since transferring the stretcher is significantly more cumbersome when 
using a standard ramp. Regardless of the system used to transfer the patient/stretcher 
on/off the commercial flight, it is also beneficial to secure the airline/local EMS are 
trained to support. EMS’s access onto the aircraft is part of the medical clearances 
obtained with the airline and airport security office. 

The Patient Transport Unit used to be a unique and specific modular system on 
Lufthansa (within the field of civilian operations) for intensive medical care which 
requires the removal of seats and installation of bulkheads. This particular unit will 
not be further detailed in this text since it is much more a specialized air-ambulance 
module plugged into a commercial aircraft than representative of what it more gen- 
erally possible on commercial flights. Also, the service has been put on hold in 2020 
with no plan to restart. 


Oxygen 


There are two modes of additional oxygen delivery that can be requested aboard 
commercial airliners: continuous flow and trigger-controlled. Continuous flow regu- 
lators usually offer pre-defined free-flows of 2 and 4 L/min on two separate aviation- 
specific connectors. There are several sizes of tanks, from lightweight hand-held 
portable cylinders up to a maximum of 3200 L; the latter requires an attachment to 
the fixing rails on the cabin floor. There is also a specific three pin quick-release con- 
nector to allow the connection of a ventilator. The oxygen-conserving systems pro- 
vide oxygen for approximately five times longer than the continuous flow version for 
the same supply volume. They deliver a pulsed flow of oxygen to the patient trig- 
gered by back pressure in the oxygen tubing during exhalation. The efficiency of 
these devices is of particular interest in the context of long haul flights and, while 
they are sensitive enough to function appropriately for most patients, there are situa- 
tions where the patient will require a continuous flow regulator. 
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Additional option for oxygen delivery is the portable oxygen concentrator 
(POC), certain devices being permitted onboard commercial aircrafts. Common air- 
line approved POCs include: Inogen One®, Sequal Eclipse®, Airsep Lifestyle®. 
Most commercial airlines require pre-flight clearance if a POC is going to be uti- 
lized during flight. Commercial airlines generally require battery power for at least 
150% of the flight time for any unanticipated delays (most inflight seating electrical 
power is insufficient to charge a POC). Depending on the POC being used, they can 
provider either continuous or pulse flow support for patients requiring supplemental 
oxygen between | and 6 liters per minute, making them a safe and convenient option 
for many commercial transports. 


Medical Clearance 


Unless there is a prior arrangement between the organization providing the transfer 
and the specific airline, medical approval must be obtained from the medical depart- 
ment of the airline on a case-by-case basis. There is a pre-defined and IATA- 
regulated process using standardized forms: Medical Information Form (MEDIF) or 
INCapacitated passengers handling ADvice (INCAD). These approval forms are to 
be completed by the treating medical officer or by the medical team responsible for 
the transfer by delegation. Details regarding the disease, time frames, prognosis for 
the flight and special arrangements planned are required. The medical department of 
the airline approves or declines the transfer request based on this document. This 
procedure usually takes 24-72 h. 


Use of Commercial Airliners for the Simultaneous Transport 
of Multiple Patients 


In cases of multiple casualty events, the challenge is to quickly set up a large-scale 
and rapid aeromedical response. Such situations are distressing for both victims and 
their families, especially when incidents occur in geographical areas with limited 
medical facilities or capabilities. The response may involve using large civilian jet 
aircrafts as aeromedical platforms [4, 5]. 

Although there is a long history of the military transferring large numbers of 
casualties by fixed-wing aircraft, configuring large civilian jets for aeromedical 
capability is a relatively new concept. Ideally, aircraft are converted using specifi- 
cally designed aeromedical modules, there are a few such governmental initiatives 
[6], but because of the rarity of this situation, many governments, or medical provid- 
ers use makeshift aircraft configurations that can be very effective provided appro- 
priate coordination and logistical support are applied [7]. One important 
consideration is the installation of stretchers after the cabin seats have leaned for- 
ward, at least in the section of the cabin dedicated to lying patients. This experience 
showed that the principle of allocating patients to different clinical areas within the 
cabin is both effective and efficient as it facilitates medical care onboard and 
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streamlines the embarkation and disembarkation procedures [5, 7]. We propose up 
to three distinct areas: self-caring or minimally dependent injured patients seated at 
the front, injured but non-critical patients on stretchers in the middle of the cabin, 
with the rear of the cabin dedicated to critically ill patients for possible/ongoing 
intensive medical care. 
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Responding as a Nonphysician 20 
Healthcare Provider 


Edward Meyers, Christin Child, Lisa Bowman, 
and John Gilday 


Introduction 


Your flight has reached its cruising altitude of 35,000 ft., and the drone of the 
engines is lulling you to sleep. As you are considering the various options to fill 
your time over the next several hours, you notice activity 2 rows ahead of you. 
Based upon what you are seeing and overhearing, you recognize that a medical 
emergency is occurring. 

As a registered nurse (RN) or as an emergency medical service (EMS) profes- 
sional (either basic or advanced), your scope of practice and breadth of knowledge 
are more than ample for most in-flight medical emergencies. With an estimated 
44,000 in-flight medical emergencies each year or approximately | per every 604 
flights [1], being informed prior to departure can help prepare you to better serve 
your fellow passenger. Are you legally protected in the same manner as your physi- 
cian colleagues? What can you do to render assistance safely and competently? 
What tools are at your disposal? Who decides about flight diversion? Given the 
abundance of questions forthcoming in a scenario such as this, it is important to be 
aware of the legal aspects of medical care as well as the practical components such 
as in-flight physiologic changes, what supplies are available, the decision-making 
process for flight course alteration, and, most importantly, what your scope of prac- 
tice entails. Moreover, it is important to recognize that the flight crew in most cases 
provides care (see Fig. 20.1). The 12.7% of cases where medical professionals are 
involved could represent the incidence of true urgent and emergent cases. 
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Fig. 20.1 Who is Nurse EMT 
providing care aboard 2.1% 1.9% 
commercial flights [2] Physician 
8.7% 


Flight Crew 
87.2% 


Good Samaritan Laws and the Aviation Medical Assistance Act 


Good Samaritan laws do not offer blanket immunity for providers during in-flight 
emergencies, and it is important to note that it is further complicated with air travel 
given that these laws are state-based and thus may vary. The intent of Good Samaritan 
laws is to provide immunity to persons who are rendering assistance who are not 
obligated to do so. However, there are distinct limits to this immunity, and a provider 
will not be covered when gross negligence or willful misconduct can be proven [3]. 

Specific to air travel, the Aviation Medical Assistance Act of 1998 (AMAA) was 
created, in part, to address questions of liability of the air carrier and the passenger 
rendering medical assistance. While the AMAA focused on such liability, it also 
identified the need for basic medical training by crew members and the standardiza- 
tion of medical equipment available in flight. In accordance with the AMAA, the 
airline is protected against liability for the actions of a passenger volunteer so long 
as the passenger is not an employee of the airline and the flight crew believed, in 
good faith, the volunteering individual was qualified to render medical assistance. 
In determining whether a volunteering individual is indeed qualified, it is at the 
airline’s discretion as to whether to allow an individual to render assistance without 
demonstrating appropriate licensure or certification. Flight attendants may ask for 
written proof of qualification such as a state-issued license, particularly prior to 
allowing access to more advanced supplies such as the emergency medical kit 
(EMK) or the automatic external defibrillator (AED). 
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As for the passenger volunteer, assuming he or she is licensed or certified, the 
volunteer is also protected in federal and state courts for acts and omissions unless 
gross negligence or willful misconduct can be established. Because the AMAA spe- 
cifically defines “the term ‘medically qualified individual’ [to include] any person 
who is licensed, certified, or otherwise qualified to provide medical care in a State, 
including a physician, nurse, physician assistance, paramedic, and emergency medi- 
cal technician” [4], this does leave an area of uncertainty related to individuals such 
as medical students or nursing students. While they may hold a certification such as 
basic life support, they are not yet considered licensed providers, and the flight crew 
may find their qualifications insufficient to render care, have access to the supplies 
onboard, or provide medical recommendations. If given permission to treat the 
patient, it is the student volunteer’s responsibility to recognize their limited qualifi- 
cations and experience and inform both the crew and patient of such [5]. Should the 
passenger not consent to treatment, a volunteer can be held liable for battery if they 
proceed to touch the patient to obtain vital signs or perform a physical exam against 
the patient’s wishes [6]. Ultimately, it is the airline’s responsibility for responding 
to a passenger who has become acutely ill. The role of the medical volunteer is to 
assist the crew, not to take control of the situation [7]. 


Scope of Practice 


If responding to an in-flight emergency, a medical volunteer must be aware of and 
be prepared to act within their scope of practice as defined by the license that they 
hold. As a nurse or EMS professional, this would include basic lifesaving mea- 
sures and supportive care congruent with the situation encountered. Depending on 
the medical emergency, this could include providing orange juice to a passenger 
with a presumed low blood sugar, placing a patient who has had a syncopal epi- 
sode in a position of comfort on the floor with legs raised to increase blood flow, 
providing compressions to a patient without a pulse, or other interventions within 
an RN’s scope of practice. Because of the need for a physician’s order for medica- 
tion administration, one should not give medications provided by the airline 
unless ordered to do so by a physician. Similarly, as an EMS professional, these 
stipulations also apply. When responding to an in-flight emergency, an RN or 
EMS professional may administer care within their scope but should always be 
cognizant not to perform any interventions or treatments that they have not been 
trained to do. 

As discussed, the AMAA assures that “‘an individual shall not be liable for dam- 
ages in any action brought in a Federal or State court arising out of the acts of omis- 
sions of the individual in providing or attempting to provide assistance ... unless the 
individual ... is guilty of gross negligence or willful misconduct” [4]. It is crucial to 
note that this does not offer blanket immunity for an individual knowingly acting 
outside of their scope. While a medically qualified individual is defined by the 
AMAA to include “any person who is licensed, certified, or otherwise qualified to 
provide medical care in a State” [5], these individuals must still function within 
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their respective scopes of practice in order to be protected by the laws established. 
Bearing these stipulations in mind, however, it is still possible to provide safe and 
lifesaving care at 30,000 ft. 


What Can You Do? 


Regardless of one’s level of practice, the patient and provider relationship begins 
with an assessment. The scene is first assessed for provider safety and, assuming 
safety is established, one begins the clinical assessment. The guiding principles of 
everyday practice still apply; consent, whether it is actual or implied, is required 
prior to engaging in a patient—provider relationship and, above all, one must do 
no harm. 

Depending on the scenario, an initial assessment is sometimes brief as in a case 
of cardiopulmonary arrest or potentially more detailed when a case of chest discom- 
fort is encountered. Too often, providers focus on the equipment and medication 
interventions while glossing over the value of a thorough patient history, a focused 
physical exam, and a good differential. Providers must also remember that medica- 
tion administration and many clinical interventions require a physician order in 
order to remain within one’s scope of practice and avoid questions of liability. 

Beyond the airplane itself, aircraft have air-to-ground medical communication 
capability, and most have preestablished medical command contracts with a 
ground physician network to provide orders in-flight as well as to serve as a con- 
sult for possible diversion or flight course alteration. As a clinician providing in- 
flight assistance, it may be necessary to subsequently convey the clinical situation 
and findings to the ground-based medical services over the radio [8]. 
Communicating a clear picture will be made easier with a thorough assessment 
and a detailed clinical history. Once a complete assessment has been conducted, 
clinical planning, implementation, and reassessment with onboard or remote 
medical command can begin. 


What Supplies Are Available? 


After volunteering to help during an in-flight emergency, the volunteer has a variety 
of equipment available for use in flight as mandated by the Federal Aviation 
Administration (FAA) for all passenger-carrying aircraft with a payload capacity 
exceeding 7500 pounds and staffed with at least 1 flight attendant. The aircraft is 
required to have a basic first-aid kit that includes items such as dressings, bandage 
scissors, and splints. The number of first-aid kits per flight is regulated by the FAA 
and is dependent on the maximum number of passengers that may be carried on the 
type of aircraft. 

Each flight is also required to carry an EMK which contains medications com- 
monly used in advanced cardiac life support (ACLS), intravenous supplies, a stetho- 
scope and sphygmomanometer, and airway supplies including a bag-valve mask, 
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oropharyngeal airway, and a cardiopulmonary resuscitation mask adapter. In addi- 
tion to ACLS medications, such as atropine and epinephrine, the EMK also contains 
oral and IV antihistamines, nitroglycerine tablets, aspirin tablets, a bronchodilator 
metered-dose inhaler, and dextrose. While these are the regulated requirements, 
some airlines elect to supply additional medications in their EMK such as ondanse- 
tron, glucagon, and naloxone. 

In a true in-flight emergency, this kit would contain all the supplies available 
to the volunteer. Because safe use of the contents requires training beyond the 
layperson’s understanding, these kits are only to be used by medical profession- 
als. Apart from the EMK, an AED is also a required equipment to be on board. 
However, the AEDs are not required to have a screen displaying the electrocar- 
diogram (ECG), so determining a cardiac rhythm to provide more focused care 
may not be possible. The EMK and AED are “no-go” items and therefore must 
be carried on the aircraft as part of the minimum equipment list in order to 
depart [9]. 

Some airlines have begun carrying the Tempus IC on their long-haul flights, a 
telemedicine monitoring device that includes blood pressure monitor, pulse oxime- 
try, thermometer, glucometer, and 12-lead ECG. With recent advances in telemedi- 
cine, this device allows for advanced monitoring and communication between the 
in-flight patient and team and ground crews. However, the Tempus IC is not yet a 
required equipment on aircraft though it has the potential to significantly change 
what in-flight medical care entails [10]. 


Environment of Care 


Caring for a patient on an aircraft presents the clinician with unique challenges not 
normally encountered in the typical RN, EMS, or other healthcare professional’s 
workplace. The effects of confined space, changes in altitude, vibration, and noise 
all can create negative health effects for passengers and alter the way a care provider 
renders aid. 

The limited space onboard an aircraft can make it difficult to treat the passenger 
when an emergency arises. Depending on care needs, moving a patient to an area 
that provides more room may be necessary. Flight attendants may use able-bodied 
passengers to assist in moving the sick passenger to the aisle or the galley area, 
where more space is available for providing care. In addition, onboard wheelchairs 
are required for aircraft seating more than 60 passengers and may be requested by 
in-flight volunteers [11]. 

In terms of cabin pressure, commercial aircraft must be pressurized to an alti- 
tude of no higher than 8000 ft. when operating at the aircraft’s maximum altitude 
[12]. At an altitude of 8000 ft., the partial pressure of oxygen in the atmosphere 
decreases from 95 to 60 mmHg, as compared to sea level. The decrease in the 
partial pressure of oxygen at altitude results in less oxygen available at the alveo- 
lar level. This corresponds with a drop in blood oxygen saturation from 97 to 90% 
[12]. A healthy adult who lives at or near sea level will most likely not notice the 
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change in altitude, but may respond by increasing their heart rate, cardiac output, 
respiratory rate, and respiratory volume. Some passengers may experience mild 
fatigue. However, in a passenger with preexisting cardiopulmonary disease, poor 
circulation, or decreased cardiac output, their compensatory mechanisms may be 
insufficient. A small drop in oxygen saturation could cause cardiac ischemia, 
leading to a medical emergency. 

As the cabin altitude increases in the aircraft, the amount of moisture in the 
atmosphere decreases. Adding to this inverse relationship, cabin air is also recycled 
with no addition of moisture, further drying the air. During longer flights, this can 
cause passengers to become dehydrated. This dehydration in an already compro- 
mised passenger can further exacerbate underlying medical conditions due to 
increased heart rate and decreased circulating blood volume. 

As the cabin altitude increases, gases expand and some passengers may exhibit 
signs and symptoms related to this increase. From sea level to 8000 ft., gas will 
expand approximately 30%. If a passenger has any trapped gases that are unable 
to escape, they may suffer pain and discomfort in areas such as the GI tract, ear, 
sinuses, or teeth. Gastrointestinal effects due to gas expansion during an increase 
in altitude may include belching, flatulence, and abdominal discomfort. Ear block 
is a common occurrence during an aircraft’s descent, especially for passengers 
flying with seasonal allergies or upper respiratory infections. Within the middle 
ear, gases expand during ascent and typically escape through the Eustachian tube. 
During the decent however, the Eustachian tube is far more resistant to air enter- 
ing the middle ear, which increases the chance of pain, inflammation, and, in 
severe cases, bleeding from the pressure difference between the middle ear and 
the ambient pressure [13]. Lastly, the pressure changes can result in pain in the 
sinuses, most commonly the frontal sinuses, or teeth when trapped gases expand 
and cannot be released. 

Aside from the changes in the cabin environment caused by the increase in alti- 
tude, providing care in a commercial aircraft is further challenged by the effects of 
the noise and vibration found in this setting. An increase in the ambient noise can 
hamper a clinician’s ability to adequately assess a patient using typical techniques. 
Auscultation, an important assessment technique, is difficult and sometimes impos- 
sible due to the increased noise levels on an aircraft. Additionally, the effects of 
vibration on a passenger may result in an increase in heart and respiratory rates, 
making it difficult to differentiate between normal changes and changes due to a 
passenger’s preexisting medical condition. 

While the unique environment of a commercial aircraft may limit one’s ability 
to care for a patient using normal assessment tools, these limitations can be over- 
come if the volunteer uses creative thinking when developing a plan of care for 
the passenger. Understanding the effects of the changes in altitude on sick or 
injured passengers, and the inherent differences in the environment in general 
will help guide the volunteer clinician in providing the best care possible while 
in-flight. 
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Definitive Care Decisions 


During an in-flight emergency, the role of the volunteer medical professional is to 
assist the patient and the flight crew with the presenting medical problem. As the 
medical professional, the volunteer may have resources at their disposal on board to 
help in the moment with the situation, but he or she may also be asked to consult 
with ground-based medical personnel as well [2]. These ground-based medical ser- 
vices can provide real-time support for the medical volunteer, and help coordinate 
care after landing, including transferring a patient to an appropriate receiving facil- 
ity, if indicated. 

These ground consults play a valuable role in the decision-making process, as 
choosing to divert the aircraft will rarely be at the volunteer’s sole discretion. While 
the volunteer medical professional, as well as the consult service, can recommend 
that the plane be lowered to a different altitude to improve the passenger’s oxygen- 
ation, or that the flight be diverted, decisions will ultimately be made by the captain. 
The captain has many factors to take into account with making a decision to divert 
the airline due to a medical emergency, including weather conditions, turbulence, 
air traffic, approach charts, runway length, landing weight of the aircraft, and prox- 
imity to appropriate ground medical facilities. Even under ideal conditions, keep in 
mind that it can require at least 20 min for the captain and crew to land the air- 
craft [14]. 


Handover of Care/Documentation 


Whether during the event itself or after, it is important to document the care pro- 
vided to the passenger. This can help later if asked to provide information about the 
care given in flight. In addition, it will also help provide information to the ground- 
based medical crew during in-flight discussions, as well as report to the emergency 
medical personnel on the ground after the plane has landed to facilitate appropriate 
handoff of care. It is also recommended to complete any necessary forms from the 
airline, especially if any of the contents of the EMK have been used, as these must 
be tracked by the airline prior to a subsequent flight. 


Conclusion 


It can be a stressful situation to be called upon to help in an aircraft, away from the 
hospital or ambulance setting in which you are used to providing care. The unfamil- 
iar environment presents many unique challenges but remember the basics of your 
training. Sometimes we look for a more complicated answer instead of focusing on 
the simplest answer that is before us. In many cases, a good assessment is critical, 
especially when you are the eyes and ears for the ground medical crew providing 
orders. Ask questions and listen to the person you are treating to get all the 


214 E. Meyers et al. 


information you can. Remember to practice within your scope and provide the care 
that you are trained to do, even if the care you render is as simple as providing reas- 
surance to a scared patient. 
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